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PROGRESS 


TUBERCULOSIS—PRESENT AND FUTURE 


GERALD B. Wess, M.D., CoLorapo Springs, Couo. 


N MOST parts of the world where statistics have been kept the death rate 
from tuberculosis has been steadily declining for about one hundred years. 

About 1780 the estimated death rate from consumption in England was 
650 per 100,000 living inhabitants. 

It is expected that the death rate in the United States will fall below 45 
per 100,000 in 1940. According to Dublin, this will represent a decline of 
37 per cent in the last ten years, and a decline of 61 per cent in the last twenty 
years. In forty years the death rate has dropped 76 per cent. 

It is probable that tuberculosis has waxed and waned in different countries 
during the world’s history. Historical studies suggest that an epidemiologic 
period may run over two hundred years. . 

In London there was a high death rate in 1650 which then declined and 
rose again to a high peak in 1780. 

We are now approaching the lower level of a declining cycle and with 
the enlightenment which is ours today a new cycle should never begin. It is 
curious that in studying the present decline, which is common to most countries 
where statistics are available, that this decline has been almost continuous and 
that the discovery of the bacillus in 1882, the increasing isolation of the tu- 
bereulous in sanatoriums since 1900, and the increase in collapse therapy since 
1912, have not definitely accelerated the decline. 

In this country the problem is still a serious one among the colored popu- 
lation and among the Mexican residents. In spite of the excellent work of 
clinics and agencies, many ‘‘carriers’’ of the disease continue to be undis- 
covered. 
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Relapse is still too frequent and this is often the result of too short a sana- 
torium regime as well as lack of aftercare. The time will come when every 
open case of tuberculosis will be segregated. This will mean that many States 
must increase their sanatorium beds. Approximately 600,000 individuals in 
this country have active tuberculosis. Only 90,000 sanatorium beds are avail- 
able when there should be 150,000. 

Thanks to the Department of Agriculture bovine tuberculosis is being rap- 
idly eliminated. The more general pasteurization of milk has greatly lessened 
human infection by the bovine bacillus. 

Teaching the detection, control, and eradication of tuberculosis should 
begin in the public schools. Children should be taken into the fields to study 
Nature and to be shown the parasitic diseases of the flora and fauna. With 
such beginnings the problem of human disease will be more easily imparted 
to them. 

The detection of childhood tuberculosis by the increasing application of 
the intradermal skin test with the purified protein derivative has been a great 
advance in preventive medicine. Reactors can be carefully watched and their 
young -lives can be controlled. In many communities Nutrition Camps have 
been established, and these are ideal for children who are below par or who 
react to tuberculin. 

More and more x-ray examinations of young adults and children are em- 
ployed; these examinations should be repeated at intervals on any person sus- 
pected of having the disease. The use of miniature films in surveys of large 


groups is of increasing value. 
Since clinical and biographical studies show tuberculosis is frequently a 
family disease, physicians who attend such families have great responsibility. 
For many years the trend of treatment has been against climate and also 
against the long rest regime, although both factors have been of definite value. 


Since 1912 various forms of collapse therapy have been introduced. Many 
physicians feel such therapy should be instituted as soon as the diagnosis of 
adult pulmonary tuberculosis has been made. 

Added to artificial pneumothorax we have thoracoplasty, phrenic nerve 
crushing, extrapleural pneumothorax, and other surgical procedures which 
now include the Monaldi procedure of suction aspiration of tuberculous cavities. 
It is possible the pendulum has already swung too far in the surgical direction. 
Artificial pneumothorax is gradually giving way to more and more thoracoplastie 
operations. In spite of the help from pneumonolysis too many results are 
incomplete and too many complications still oceur from pneumothorax treat- 
ment. The length of treatment is also a handicap. 

While physical examination still plays an important part in diagnosis 
and study, the x-ray has largely supplanted this and is of great value in guid- 
ing pneumothorax treatment. Laminagraphy is now adding more important 
information. 

The present sees an increase in the use of the bronchoseope for the diag- 
nosis of bronchial lesions and their treatment, for the detection of strictures 
when weighing thoracoplasty, and for final proof that sputum is negative. 
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In research laboratories the chemistry of the tubercle bacillus is being care- 
fully studied, and what is of probably more importance the growth factors are 
being discovered. 

All efforts to discover a chemotherapy treatment have failed. Numerous 
laboratories have investigated the value of sulfanilamide, of sulfapyridine, 
and other derivatives of these drugs, but no success has been obtained. 

The increase of blood platelets in active and chronic tuberculosis has never 
been explained by laboratory workers. 

Clinicians note ‘‘leads’’ which may be followed. Why, in patients with 
diabetes, who become infected, does the tubercle bacillus progress so rapidly ? 
Why do certain families, who are prone to high blood pressure and to nephritis, 
seem so immune to tubercle bacillus destruction ? 

Clinicians have observed that in tubereulous families the children who re- 
semble in constitution a parent who has belonged to the high blood pressure 
group have escaped serious infection when the children of the tuberculous 
parent’s type died. 

Why is there a lessened incidence of pulmonary tuberculosis in patients 
who develop hyperthyroidism ? 

Vaccination by B.C.G. (Bacillus Calmette Guerin) has gained in usage in 
Europe, and laboratories in this country have established some value in animals, 
especially with intravenous administration. 

With the continued decline in the death rate a form of vaccination may 


not be necessary. Shortage of food may again increase the number of tubercu- 
lous victims on the continent of Europe. The improved housing and living 
conditions in the United States, together with the activities of the National 
and State Tuberculosis Associations, should assuredly prevent another serious 
rise in the tuberculosis death rate in this country. 





CLINICAL AND EXPERIMENTAL 


DISSECTING ANEURYSM OF THE AORTA* 
CasE REPORT 


ABEL Levitt, M.D., F.A.C.P., Dexter S. Levy, B.A., M.D., aNp 
JAMES R. L. Cote, M.D., Burrauo, N. Y. 


HE relative infrequency with which the diagnosis of dissecting aneurysm 

of the aorta is made ante mortem has prompted us to report a case observed 
on the wards of the Edward J. Meyer Memorial Hospital. For many years this 
disease has been known to pathologists, but until recently the clinical observa- 
tions have been few and the diagnosis has been made at post mortem. The true 
explanation of this probably lies in the fact that the disease is often confused 
with various intrathoracic or intra-abdominal conditions which it closely simu- 
lates. The relative infrequency of the ante-mortem diagnosis is more evident 
when it is realized that only twenty-five cases can be found reported in the litera- 
ture.! The disease itself occurs predominantly in males between the ages of 40 
and 60 years, in whom there is a usual history of hypertension. There is no pat- 
tern to be followed in the diagnosis, but certain features when present must be 
analyzed in proper combinations to eventuate the correct diagnosis. These in- 
clude: (1) the sudden onset of pain in a person with hypertension. This pain 
not infrequently radiates to other portions of the body but rarely the arms; 
(2) the presence of a rapid, enlarged heart with or without murmurs; (3) the 
presence of shock; (4) slight fever and leucocytosis; (5) dyspnea and cyanosis; 
(6) variation in the pulses between the upper and lower extremities. 

There have been many theories advanced as to the cause of the disease, and 
the division into predisposing and exciting factors has been advocated.* The 
predisposing factors include :* (1) Virchow’s view that most of these aneurysms 
arise on the basis of atheromatous ulcers. The fact that arteriosclerosis was 
not observed in some of the cases at necropsy makes this a tenable explanation 
in only a few. (2) Inflammation which may weaken the wall of the aorta 
sufficiently to predispose it to rupture. (3) Medial degeneration of the aorta, 
in which there is focal hyaline degeneration resulting in cyst formation, has 
recently been recognized as strongly predisposing to the disease. 

With the presence of a predisposing factor, however, the problem of what is 
the actual causative factor presents itself. Here it has been agreed that two 
primary factors play a part: (1) physical trauma, and (2) internal trauma 
due to either emotion or exertion. 


*From the Medical Service of the Edward J. Meyer Memorial Hospital (Buffalo City 
Hospital) and the School of Medicine, University of Buffalo. 
Received for publication, October 16, 1939. 
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Pathologically> the aorta usually shows an irregular tear which extends 
through the interior and partly through the media into which blood penetrates 
until it finds a plane of cleavage and begins to dissect. The blood enclosed in 
this sheath composed only of adventitia and media most often perforates at 
some point. 

Clinieally, as already indicated, certain features suggest the diagnosis. 
The patients are acutely ill and fail progressively, and the ultimate prognosis 
is poor, with death occurring in from a few hours to several days. In the dif- 
ferential diagnosis (1) coronary thrombosis, (2) embolism, (3) abdominal 
catastrophe, and (4) pneumonia are most frequently confused with the diagnosis. 





Fig. 1.—A, The large oval represents the hemorrhagic mass over the right auricle. It 
extends around the base of the heart and aorta with compression; B, the fibrous tag on the 
pericardium where a similar large amount of clot was found partly organized; C, the dissecting 
hemorrhage above, in between the coats, and below outside of aorta continuous with hemorrhage 
A 


CASE REPORT 


CASE 379362.—The patient was a white male, aged 51 years, whose occupation was a fire- 
man. He was referred to the hospital on December 5, 1938, with a history of eight hours’ 
duration. He complained of being awakened from his sleep by a sharp, excruciating pain, 
located diffusely throughout the lower abdomen, but more pronounced about the umbilicus. 
This pain radiated through to the back, and at the onset was accompanied by emesis on 
two oceasions. No blood was present in the emesis, and the stools were normal in color and 
consistency. His past history revealed that he first sought medical attention in January, 
1937, at which time he was admitted to the diagnostic clinic. His history at that time was 
of precordial pain of three years’ duration brought on by exercise. This pain occurred 
about one to two times monthly; it lasted one to two minutes and was accompanied by 
dyspnea, palpitation, and weakness. He also gave some history of occasional frontal head- 
aches, poor vision, and nocturia two to five times. He denied past illness, except for urethritis 
at the age of 28. At this time (January, 1937) his physical findings revealed the following 
positive features: 


Eyes: Pupils equal, regular, and reacted to light and accommodation. 
Mouth: Dental caries. 
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Chest: Resonant and clear throughout. 

Heart: Enlarged, regular, good tone, precordial systolic bruit, aortic second sound 
accentuated. 

Blood pressure: 220/120—Vessels moderately firm. 

Abdomen: Negative except for a small left inguinal hernia. 

Extremities: No edema—reflexes normal. | 


His Wassermann test was negative and his electrocardiogram showed an occasional 
extraventricular systole with slurring QRS. He was advised to return for further therapy 
but failed to.do so. The next association with him was at the time of his present admis- 
sion. When admitted, he appeared to be well developed and well nourished but seemed to 
be suffering much pain. He was breathing about thirty times per minute but showed no 
cyanosis. The positive findings were as follows: 


Chest: Elliptical in shape. Expansion somewhat limited on the right side. Reso- 
nance was unimpaired. The breath sounds were somewhat suppressed in 
the right base, otherwise vesicular throughout. No rales were heard. 

Heart: Enlarged to the left, regular in rate, good tone. Aortic second sound ac- 
centuated. Blood pressure 220/124. 

Abdomen: Moved with respiration. There was resistance to palpation in the right 
upper quadrant. Tenderness was present throughout, more so in the gall 
bladder region. No organs or masses were felt. 

Extremities: No edema. 


The impression at the time of admission was (1) hypertension with myocardial hyper- 
trophy and dilatation, (2) possible cardiovascular syphilis and aneurysm, and (3) possible 
surgical abdomen. 

Because of the possibility of an acute abdomen, surgical consultation was obtained. In 
addition to the findings ‘already mentioned, the patient was now complaining of hemoptysis 
and pain in the chest on deep inspiration. His urine was negative and his white blood cell 
count was 22,250, with 92 per cent polymorphonuclear cells. The possibilities entertained 
at this time were (1) perforated ulcer, (2) coronary thrombosis, and (3) acute pancreatitis. 

While no definite diagnosis was made, it was thought advisable to observe the patient 
on the surgical service. Approximately six hours after his transfer to the surgical service, 
we again saw him. The pain was still present in the abdomen, and the cough, productive 
of bright blood, persisted. The temperature which was 97.2° F. on admission was now 
101.2° F., and the pulse had become more rapid, 88 to 136. The blood pressure which had 
been 200/104 on admission was now 140/92 on the left arm, and 170/100 on the right arm. 
His physical findings at this time showed: 


Chest: Marked diminution of breath sounds in the right base. 

Heart: Enlarged, regular in rate, tones moderately suppressed, a ‘‘G’’ string type 
of pericardial friction rub was heard in the fifth interspace to the left of 
the sternum. 

Abdomen: There were fullness and spasm with definite tenderness in tHe right upper 
quadrant. No masses were palpable. 

Extremities: Slight cyanosis of the nails. 


The impression at this time was possible coronary thrombosis or dissecting aneurysm. 


An electrocardiogram was taken which revealed left axis deviation and myocardial 
damage. X-ray at this time showed an enlarged heart with the aorta normal. Therapy 
consisted of opium sedation, rest, and observation. X-ray was repeated on December 20, 
1938, and the heart showed an increase in diameter of fully 4 em. On December 30 fluid 
was present in the left pleural space, and thoracentesis was performed with the removal 
of 300 ¢.c. of straw-colored fluid which microscopically revealed red blood cells, some 
granular debris, some polymorphonuclear cells with a predominant small round cell element. 
Although his treatment was symptomatic, the patient did not respond and death occurred on 
January 11, 1939. 
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Post-Mortem Findings.—The left pleural cavity contained 1,400 ¢.c. of a rather thin, 
clear, yellowish-brown exudate. This contained numerous clots and fibrinous tags, composed 
of yellowish-green material. The lungs were dark slate gray in color, with a black over- 
mottling of anthracotic pigment. There were patchy areas where the lung was collapsed; 
these were firm on section and dark hemorrhagic in color. The parietal and visceral pleurae 
of the left side were fibrously thickened. Crepitation was present throughout. both lungs. 
The cut surface was dark purplish red color and on compression oozed a large amount of sero- 
sanguineous frothy fluid. The lymph nodes at the hilus of the lung were enlarged and on 
section were black in color. The trachea-bronchial tree showed the mucous membrane covered 
with a marked amount of mucus. 


Heart: The heart was markedly enlarged. The pericardium was adherent. On section 
through into the heart, a large, currant jellylike clot about the size of an 
orange, was found anterior to and somewhat to the right of the right ventricle 
in the pericardial space. This bulged considerable, making the heart appear 
large laterally. The aorta was split into two layers, this split extending to 
the base of the heart where the pericardium was attached around the aorta. 
There was a large amount of dark clotted blood between these layers. This 
space communicated with the large pericardial space filled with blood. The 
myocardium was of fair tone. The valves and valve orifices were clear. The 
septum left ventricle beneath the cusps revealed subendocardial hemorrhage. 
The aorta showed numerous thickened areas of raised yellowish plaques. One 
of these communicated with the split space. The pulmonary arteries and 
veins were clear. 

Abdomen: Abdominal viscera were essentially normal. 


Anatomic Diagnosis.—Aortal arteriosclerosis with dissection between the coats and rup- 
turing into a pericardial pocket, a space otherwise obliterated by fibrous adhesion, was found. 


CONCLUSION 


1. A dissecting aneurysm of the aorta, proved anatomically, has been pre- 
sented. ‘ 
2. The difficulty of clinical diagnosis is emphasized. 
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A NOTE ON SACCHAROMYCES FRAGILIS JORGENSEN ASSOCIATED 
WITH PATHOLOGIC CONDITIONS IN HUMAN BEINGS* 


NoRMAN CALLENDER LAFFER, PH.D., Tucson, ARIZ. 


ACCHAROMYCES FRAGILIS was first isolated by Jorgensen from kefir, 
and has repeatedly been found in dairy products. Within the last fifteen 
years, there have been two reports of the isolation of yeastlike fungi from patho- 
logic conditions in human beings in which the organisms proved to be Sac- 
charomyces fragilis Jorgensen. In both eases, the organisms were first classified 
as some other species, but upon detailed study at the Centraalbureau voor Schim- 
meleultures at Baarn, Holland, they proved to be strains of Saccharomyces 
fragilis. In the first case, Redaelli in 1925 (Stelling-Dekker, 1931) reported 
the isolation of Saccharomyces cavernicula n. sp. from the lung of a tuberculous 
patient. Of this culture, Stelling-Dekker (1931) writes as follows: ‘‘A careful 
consideration of this species allows one to conclude that all major characteristics 
agree with those of Saccharomyces fragilis Jorgensen. The agreement is so 
definite that a separation of Saccharomyces cavernicula as a variety of Sac- 
charomyces fragilis is not warranted. ...’’ Another place she writes: ‘‘Sac- 


charomyces cavernicula Redaelli is identical with Saccharomyces fragilis Jorgen- 


9? 


sen. 

In 1935 Ciferri and Redaelli (Diddens and Lodder, 1939) described a species 
that had been isolated by Carco at Catania from a lesion of the human tonsils 
and pharynx. It was classified as Monilia pinoyisimilis (A. Castellani) Redaelli 
and Ciferri variety Citelliana Redaelli and Ciferri. Of this organism Diddens 
and Lodder (1939) write: ‘‘It evidently belongs to the genus Saccharomyces 
and it is completely identical with Sacch. fragilis Jorgensen.’’ 

The purpose of this article is to report an organism isolated by Miller 
(1935) and classified by him as Monilia pseudotropicalis Castellani. I secured 
a transfer of this strain and continued its study and found it to be identical with 
Saccharomyces fragilis Jorgensen (Laffer, 1936). Such results are not surpris- 
ing for two reasons: first, the difficulty with which some strains are stimulated 
to produce ascospores; and second, the following statement by Diddens and 
Lodder (1939) : ‘‘ Monilia pseudotropicalis Castellani—Candida pseudotropicalis 
(Castellani) Basgal has to be considered as the imperfect stage of Saccharomyces 
fragilis Jorgenson.’’ The material contained in the following paragraph is 
taken from the unpublished thesis of Miller (1935).t+ 


Case history. The patient, a male, came to the physician with an acute infection of the 
tonsils, characterized by a sore throat, fever, malaise, anorexia, fetid breath, terribly coated 
tongue, headache, backache, and pains in the limbs. White or yellow patches of exudate were 
present in follicular form. Intensive treatment for follicular tonsillitis in the first seven 


*From the Department of Bacteriology, University of Arizona, Tucson, 
Received for publication, October 23, 1939. 
{Published with the permission of Dr. Miller. 
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days did not show the slightest improvement. On the eighth day he was given 10,000 units 
of diphtheria antitoxin, and the dose was repeated on the ninth day; he recovered rapidly 
without further treatment. At no time were there objective signs of diphtheria. 


According to Miller, his culture isolated from this ease had the characteristic 
fermentative reactions of Monilia pseudotropicalis Castellani and_ serologic 
studies confirmed this relationship. When the unknown strain was used to pro- 
duce an antiserum, the antiserum reacted with its specific antigen 1:640; with 
one type culture of Monilia pseudotropicalis 1:640; and with a second type 
culture of Monilia pseudotropicalis 1:320. Agglutinin absorption tests sub- 
stantiated these serologic findings. The usual morphologic studies were not 
reported in the thesis. In his conclusions Miller stated: ‘‘Culture 10Y which 
produced acid and gas in dextrose, levulose, galactose, sucrose, raffinose lactose, 
and inulin, corresponds almost exactly to two cultures of Monilia pseudo- 
tropicalis Castellani (one from New Orleans, Louisiana, and the other from 
London, England) which fermented the same carbohydrates with acid and gas. 
These three cultures formed a distinct group by agglutinin absorption. ”’ 

In my study (Laffer, 1936) of this culture (Miller’s 10Y) the cells were 
characterized as ‘‘cells oval and rod shaped, but becoming filamentous in older 
broth cultures and potato broth, and producing rod shaped to filamentous asci 
and ovoid to kidney shaped ascospores.’’ The culture produces one to four 
ascospores per ascus when grown on earrot blocks or on carrot infusion agar 
for three days or more at room temperature. Careful examination of colonies 
on malt extract agar (Difco) streak plates showed pseudomycelia penetrating 
the substrate, with the groupings of the blastospores at the junction of the ad- 
joining elements similar to those produced by the control culture of Sac- 
charomyces fragilis Jorgensen, obtained from the Lister Institute (their No. 
2303). Cells grown in malt extract broth (Difco) for twenty-four hours were 
more or less rod-shaped and measured 3.0 to 5.0 microns by 6.0 to 10.0 microns, 
with a few filamentous cells as long as 12.0 to 21.0 microns. In older cultures 
the length and number of the filamentous cells increased. 

The biochemical changes produced by the unknown and the control culture 
were the same, namely: acid and gas in glucose, fructose, galactose, mannose, 
lactose, and inulin; acid and no gas in raffinose, and neither acid nor gas in 
arabinose, xylose, rhamnose, maltose, salicin, glycerol, mannitol, dextrin, and 
starch. For these determinations, nutrient broth base (Difco) plus 1 per cent 
carbohydrate and bromeresol purple was ‘used. Litmus milk, if incubated at 
room temperature, became acid with evidence of gas production after a’ few days, 
but if incubated at 37° C., the milk was curdled with a renninlike curd. There 
was no evidence of proteolysis at the end of forty-five days of incubation. When 
tested by the Hammer and Collins (1935) method, the organism did not 
hydrolyze fat. No true liquefaction of gelatin was observed at 37° C. after 
forty-five days of incubation, while ‘‘softening’’ occurred in those cultures in- 
eubated at 18° C. to 25° C. for forty-two days. An uninoculated control showed 
no ‘‘softening.’’ The term ‘‘softening’’ is used to indicate a stage in which 
the medium is soft at room temperature but the gelatin becomes solid upon 
cooling to 5° C. to 8° C. This term is used in contrast to true liquefaction in 
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which the medium fails to solidify upon cooling to the above temperatures. 
While Stelling-Dekker reports that Saccharomyces fragilis liquefies gelatin, a 
difference in the composition of the medium may account for the variation in the 
degree of utilization of the substrate. 


SUMMARY 


1. A third case in which Saccharomyces fragilis Jorgensen has been isolated 
from a pathologie condition in human beings is reported. 

2. Confirmation of the relationship of Saccharomyces fragilis Jorgensen and 
Candida (Monilia) pseudotropicalis (Castellani) Basgal, as indicated by Did- 
dens and Lodder (1939), is implied. 

3. The desirability of an attempt to further confirm this relationship by 
serologic studies is suggested. 

4. While nothing is contained to indicate that Saccharomyces fragilis is the 
causal agent in the infections of the throat, the finding of this species in throat 
cultures might prove worthy of a more detailed investigation or might prove 
to be a lead worthy of following. Careful morphologic studies of yeasts found, 
including repeated attempts at ascospore determination, and the inoculation of 
lactose, sucrose, inulin, maltose, litmus milk, and gelatin, would probably suffice 
for preliminary study and tentative identification. 

The wide distribution of this organism is clearly shown. I have found this 
species in cream obtained in Illinois, and have identified as Saccharomyces 
fragilis cultures received from 8S. Orla-Jensen, Copenhagen, Denmark (from 
milk); from the late Dr. Henneberg, Kiel, Germany (from yoghurt); from 
W. Dorner, Liebefeld-Berne, Switzerland (from sour milk and whey); and from 
Erivan, Armenia, U. S. S. R. (from matzoon). It is easy to see how such 
organisms could get into the throat and thus be found in examination of throat 
cultures. 
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THE ACTION OF EPINEPHRINE INJECTED INTO THE 
PERICARDIAL SAC* 


Puitie BLICKENSDORFER, PH.D., AND J. A. BONE, M.S., M.D. 
Cuicago, IL. 


HILE the effect of epinephrine on blood pressure when given intravenously | 

has been widely studied, the effect when given by other routes has not re- 
ceived adequate attention. When given by oral administration, it is usually inac- 
tive in normal people. Menninger’ studied the effect of oral administration in 
various types of hyperthyroid cases. He gave the patients from 2 to 5 mg. of 
epinephrine in gelatin capsules and concluded that in some cases epinephrine 
may produce a marked effect on the circulation with rise of pressure. The effect 
results from absorption through the gastrointestinal tract and not from the 
mouth or throat. 

Meltzer and Auer? found that the subcutaneous injection of 0.4 to 0.5 ¢.e. 
per kilogram of epinephrine has no influence on the blood pressure of a rabbit. 
Intraperitoneal injection also has no effect on the blood pressure, while 0.3 to 
0.4 ¢.e. given intramuscularly may produce a rise of 40 to 50 mm. The rise is not 
so sudden as it is after intravenous injection. 

Amberg* previously reported that doses of epinephrine that are fatal when 
given intravenously do not exert pressor effects in cats, dogs, or rabbits when 
given subcutaneously, although a very large dose (37 mg. per kilogram) raises 
the blood pressure in the dog. 

Halsey* found that 27 mg. of epinephrine given intramuscularly to a 14 kg. 
dog raised the pressure 30 mm. (from 140 to 170). In man he found that the 
oral administration of epinephrine does not change the heart action or blood 
pressure ; when subcutaneously administered, a dose of 0.5 to 1.5 mg., or about 
0.5 to 1.5 ¢.e. of 1:1,000 solution, is uncertain in its effects on the blood pressure 
but usually causes a slight rise. This same dose, however, given intramuscularly 
may cause alarming symptoms and a rise of pressure of 90 mm. (110 to over 
200). Since some people are sensitive to epinephrine, Halsey recommends that 
smaller doses be given until the reaction is known. 


Grollman® quotes Euler and Liljestrand as having found that the subeu- 
taneous injection of 0.7 mg. of epinephrine in man raised the blood pressure 17 
mm. and increased the cardiac output from 4.3 liters to 7.5 liters per minute; 
this indicated both stimulation of cardiae activity and diminished peripheral 
resistance. 


*From the Department of Pharmacology and Therapeutics, University of Illinois College of 
Medicine, Chicago. 
Received for publication, November 1, 1939. 


297 





298 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Auer and Gates® found that when 0.25 ¢.c. of epinephrine solution (1:1,000) 
per kilogram is given intratracheally in rabbits, a rise of pressure occurs after a 
few seconds and lasts for about five minutes. Jackson‘ records similar findings. 
We have found similar results to follow injection into the pericardial sae of dogs 
(see Figs. 1 and 2). 
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Fig. 1.—The effect of 10 c.c. epinephrine, 1:25,000, in the pericardial sac. (Dog—19 kg.) 
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Fig. 2.—The comparative effect on blood pressure of 1 c.c. epinephrine, 1:25,000, intra- 
venously and intrapericardially. The rapid rise in this case after intrapericardial injection is 
unusual, 


METHOD 


Dogs were anesthetized with 35 mg. per kilogram of pentobarbital in solu- 
tion, given intraperitoneally. Blood pressure was recorded from the carotid 
artery. Artificial respiration was used throughout. The chest was opened and 
the solution of epinephrine placed in the pericardial sac so that none was lost 
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by leakage. Duodenal activity was recorded by the balloon method. The trac- 
ings show the effect. After and before injection into the pericardial sac, an 
injection was made into the saphenous vein in order to compare the relative 
effects of adrenalin when given intrapericardially and intravenously. 


CONCLUSIONS 


1. The effect of epinephrine injected into the pericardial sac is less abrupt 
but prolonged about five times as compared to the intravenous injection. About 
five to ten times the intravenous dose is necessary to produce identical rise in 
blood pressure. 

2. The intrapericardial action of epinephrine in smaller doses is somewhat 
irregular on the blood pressure but is very constant on the intestines. 
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TORULA INFECTION OF THE CENTRAL NERVOUS SYSTEM* 


A Report or A CASE WitH NEcRopSsy FINDINGS 


Leon H. GoupBerG, M.D., Nyack, N. Y. 


INCE 1907 sporadic reports of torula infection have appeared in the litera- 
ture. By far the most comprehensive monograph on the subject was pre- 
sented by Stoddard and Cutler in 1916. In view o° the frequeney with which 
this infection is being reported, it is noteworthy to quote verbatim Stoddard’s 
memorandum in 1916: ‘‘It would not have been too venturesome to have 
prophesied that the organism would be found at some future date producing 
nervous diseases in man. It will take time to determine how common this type 
of infection is, but many facts indicate the possibility of it being frequently 
present without recognition.’’ 

In 19389 McGrauder published protocols of 3 cases observed at the Uni- 
versity of Virginia Hospital since October, 1935, in which he succeeded in 
isolating the organism. In a personal communication he submitted the fol- 
lowing outline: 

1. The technician who examines the spinal fluid must be torula conscious. 

2. Identify as a yeast (as contrasted with cells) in the counting chamber. 
The count is made as usual with acetic acid to lake any red blood cells present. 


*From the Medical Service, Nyack Hospital. 
Received for publication, October 28, 1939. 
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Torulae might be mistaken for lymphocytes (and usually are) unless one has 
the probability of torula in mind. The torula organism will show some budding 
forms, and a thick wall, often surrounded by a definite capsule. No cytoplasm 
is seen. 

3. If torula is suspected, mix a drop of sediment (from centrifuged spinal 
fluid) with a drop of Greenthal’s stain on a slide, cover with a cover glass and 
examine. The stain will show definitely the nuclei and cytoplasm of the usual 
cells, distinguishing them clearly from the torulae, which show a definite 
‘*eellulose-like’’ wall, surrounded by a wide purplish or bluish capsule. 

4. Confirm by culture. Torula usually reproduces by budding only, never 
forming mycelium, and does not ferment sugar. 

It becomes evident that the apparent increase in reported cases is not 
necessarily an indication of an increased frequency of the infection in man, but 
rather an indication of an increased interest in the problem with a concurrent 
improvement in laboratory diagnosis. 

The following ease report, with its autopsy findings, is as typical of the 
vagaries of this infection as other cases reported to date. 


CASE REPORT 


A eolored girl, aged 19 years, was first seen on March 3, 1938. She was 
prostrated, complained of an intractable headache of several weeks’ duration, 
and had photophobia. The examination revealed a marked nuchal rigidity 
as the only positive sign of any cranial involvement. Ordinary palliative 
measures were of no avail. After three days, a spinal tap was done for diag- 
nostic purposes as the picture suggested tuberculous meningitis. For the next 
three days there was no relief. On the assumption that it might be tuberculous 
meningitis, notwithstanding the negative findings in the spinal fluid, she was 
placed on a high vitamin D intake, and to my amazement she began to improve 
almost immediately. She returned to normal activity in two weeks. 

Five months later the girl again became ill. In the early days of this 
recurrence, the picture was identical with that originally presented. This time, 
however, a series of neurologic signs appeared, following one another in rapid 
suceession. On August 11 she lay in bed in a stupor, with her head and eyes 
sharply deviated to the right, while the right arm and leg were flaccid. The 
left hand constantly clutched at the bedclothes. The abdominal reflexes were 
absent. Both pupils reacted very sluggishly, and the right one was smaller 
than the left. There were reddening of the fundi, with engorgement of the 
veins. The jaw was tonically closed. There were positive Brudzinski and 
bilateral Hoffman signs. The following morning the patient was still in coma. 
The right limbs remained flaccid and both ankles showed clonus. Her tempera- 
ture rose to 106° F.; her pulse rate increased to 140 and her respiratory rate 
remained between 20 and 30. On August 13 she died. 

Her skin was dry and cool. Her heart, lungs, and abdomen were essen- 
tially negative. Neurologically, she continued to present a continually chang- 
ing picture with such signs as positive Babinski on the right side and negative 
Babinski on the left. All four extremities were stiff and spastic. She moved 
the left side involuntarily but not the right side. The pupils reacted slug- 
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gishly ; the veins dilated to twice the normal caliber. No diagnosis was made, 
although the usual series of differential diagnoses presented themselves with 
cerebral abscess as the most, likely process. 

Spinal Fluid Findings——August 11, clear, under moderate pressure; cell 
count, zero; chlorides, 330 mg. per 100 ¢.c.; glucose, 10 mg. per 100 ¢.c.; smear 
lymphocytes, 2; tubercle bacilli, negative; Wassermann, negative; culture, nega- 
tive. August 13, cell count, polymorphonuclears, 11, lymphocytes, 89; protein, 96; 
globulin, 2 plus; sugar, 31 mg. per 100 ¢.c.; chlorides, 715 mg. per 100 c.¢.; 
colloidal gold sol, 1111233100; Wassermann, negative. 

Necropsy Findings.——An autopsy was performed soon after death. The 
brain was examined by the Department of Pathology of the Neurological 
Institute. The skull was of normal thickness. The dura was moderately ad- 
herent to the inner surface of the skull. The brain weighed 1,300 Gm. At the 
base of the brain, in the interpeduncular fossa, on the inferior surface of the 
hypothalamus and about the optic chiasm and nerves, the leptomeninges were 
thickened and grayish with an accumulation of yellowish-gray exudate. On 
section of the cerebrum, no gross lesions of the parenchyma were noted. The 
spinal cord leptomeningeal blood vessels were congested, but otherwise the 
cord appeared normal. 

Microscopie examination of the area revealed a proliferation of leptomenin- 
geal cells in the form of fibroblasts. There was a heavy infiltration of the 
membrane by lymphocytes, monocytes, and plasma cells. There were numerous 
multinucleated giant cells about focal areas of necrosis. 

In places in the necrotic areas, there were pale, translucent, round bodies, 
with double refractive margins. No structural details could be made out 
within them; they varied in size from that of lymphocytes to that of mono- 
cytes. Some of these bodies were also found within the giant cells. These 
proved to be Torula histolytica. There were also a terminal lobular pneumonia 
and acute ulceration of the duodenum. 


CONCLUSION 





A ease with necropsy findings of Torula histolytica infection of the central 
nervous system is presented. 
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CUTANEOUS HYPERSENSITIVITY TO IODINE* 


JoHN L. Jacoss, M.D., AnD ABRAHAM CoLMEs, M.D. 
Boston, Mass. 


HE occurrence in certain individuals of a local or contact dermatitis follow- 

ing the application of iodine has been described by many authors. Some’* 
speak of the symptoms as toxic in origin; others"! consider them as manifesta- 
tions of hypersensitiveness ; and two authors?® do not indicate their opinion. Ex- 
cept for one instance’ of a patient giving a delayed reaction by scratch test to 
Lugol’s solution diluted 1:16 (and not to 10 per cent potassium iodide), con- 
firmatory skin tests have not come to our attention. 


Most of the reports on iodine dermatitis are based upon single observations ; 
this indicates the infrequent occurrence of this condition. 


Recently a medical student, hypersensitive to iodine, became available for 
study. It seemed desirable, therefore, to investigate his abnormal reactivity in 
some detail. 

CASE HISTORY 

The subject for study, to be referred to hereafter as J. A. B., had no past history of 
allergy. Family history included a maternal aunt with asthma and a father suffering from 
migraine. Five years previous (at the age of 18) the patient first noticed dermatitis fol- 
lowing application of tincture of iodine. Not long before that he had fallen on a cinder 
track, and his injury had been treated by a local application of tincture of iodine over a 


large area on his leg. Since then the application of iodine tincture has regularly caused a 
local dermatitis confined to the area exposed. 


EXPERIMENTAL 


A preliminary test confirmed the fact that tincture of iodine (7 per cent 
iodine, 5 per cent potassium iodide), which gives no reaction on normal controls, 
produced reddening in our patient within seven hours after the application of 
one drop to the skin. By the second day blisters had developed, with thickening 
of the epidermis. These blisters exudated serum for approximately two days and 
then began to dry up. The site of application could be detected for some time; 
after a month it was still slightly reddened and covered with secabby scales. A 
1:10 dilution of the above tincture in alcohol also produced a similar reaction, 
though of lesser intensity. 


Another series of tests was performed on this patient with a tenth normal 
iodine solution (1.3 Gm. iodine and 3.0 Gm. potassium iodide in 100 ¢.c.). Tenth 
normal iodine solution does not irritate the skin of normal individuals, but in 


*From the Departments of Pathology and Bacteriology, and Medicine, Tufts College Medi- 
cal School, Boston. 


Received for publication, November 1, 1939. 


This investigation was aided by a grant from the Charlton Research Fund of the Tufts 
College Medical School. 
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this patient it caused a reaction which was, however, less marked than that 
elicited by the iodine tincture. A few slightly raised, pale pink papules were 
present at twenty-four hours; they continued to increase in number and intensity 
of coloring so that after forty-eight hours the whole area affected was covered 
with pinkish elevations. A 1:10 dilution of tenth normal iodine solution failed 
to produce a reaction. 


Powdered potassium iodide and a 1:1 solution of potassium iodide in dis- 
tilled water failed to give a positive patch test. On the other hand, 0.5 per cent 
iodine salve in vaseline (crystals finely ground and mixed with vaseline in a 
mortar) which contained no potassium iodide, produced a marked delayed reac- 
tion. These results are tabulated in Table I. 


TABLE I 


SENSITIZATION TO IODINE 


All recorded readings were made on the day following the test. In the patch tests an 
amount was used equivalent to the bulk of a pea; in the intracutaneous tests 0.02 ¢.c. was 
injected. Figures refer to millimeters. 























walle TEST PERFORMED WITH: 
TINCTURE: 7% fe SATURATED 
POTASSIUM IODIDE SOLUTION 
J.A.B. Pink, elevated |Pale pink, slightly Negative Negative 
elevated, spotty; 
Patch 2 small vesicles 
Control 1 Negative Negative Negative Negative 
Control 2 Negative Negative Negative Negative 
TESTED WITH: 
eg NE, 1:10,000 
OF |SUBJECT | IODINE, 1:1,000, ane In 0.9% ? |POTASSIUM IODIDE,| DIIODOTYROSINE 
TEST IN SALINE POTASSIUM IODIDE 1:100 1:200 
Intra-| J. A.B. 4, pale pink Negative Negative Negative 
cuta- slightly elevated 
neous|Control 1 3, pale pink Negative Negative Negative 
spot 
Control 2} 3, faintly pink Negative Negative Negative 
faintly elevated | 




















When a vaseline salve containing only 0.25 per cent iodine was applied, no 
reaction occurred, whereas a 1.0 per cent salve, similarly prepared, caused irrita- 
tion to normal skin. An attempt was made to increase this limited range of prac- 
ticable ointment concentrations by the use of a method previously described for 
poison ivy hypersensitiveness in guinea pigs.'* In this technique a high concen- 
tration of the test substance is applied, being removed after a short time by a 
suitable agent. To this end a 5.0 per cent ointment of iodine in vaseline, care- 
fully ground and otherwise prepared as above, was applied to the forearm of our 
patient and washed off after twenty to thirty minutes with soap and water, fol- 
lowed by tenth normal sodium thiosulfate solution. The test was read the next 
day. Controls were uniformly negative, whereas J. A. B. showed a marked reac- 
tion of the type described above (Table III). With the above technique, oint- 
ment concentrations up to 10.0 per cent iodine may be used. In this way dif- 
ferences between the sensitized individual and normal controls were made more 
striking. 
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In contrast to the markedly positive patch tests to iodine salve, intracutane- 
ous tests on J.A.B (0.02 ¢.c.) with a 1:1,000 solution of iodine were essentially 
negative. It should be pointed out, however, that this concentration of iodine is 
slightly less than the weakest solutions capable of giving a patch test in this in- 
dividual. An intracutaneous test with 1.0 per cent potassium iodide was likewise 
negative. 

In order to gain further information concerning the mechanism of these re- 
actions, it seemed important to study the response of J. A. B. to iodinated pro- 
tein, since a positive reaction would indicate that the iodine had combined with 
protein in the body to form an antigen containing the specific group of iodopro- 
teins, diiodotyrosine. It is known that this reaction can easily take place under 
these conditions,’® and reactions to formolized proteins in an individual hyper- 
sensitive to formaldehyde have been reported by Horsfall.'® Accordingly, several 
preparations of iodinated human serum were made by Wormall’s method,’’ and 
various tests were carried out on this patient and on suitable controls. A typical 
protocol is given in Table IT. 


TABLE II 


TESTS WITH IODINATED PROTEIN 


The readings are after fifteen minutes for the immediate reactions and after twenty- 
four hours for all others. Dilutions were made in saline and are expressed in terms of dry 
solids. Human serum was used in all the serum preparations. Measurements are in terms 
of millimeters. 








PATCH TESTS WITH: 
INTRACUTANEOUS TESTS WITH IODINATED SERUM PRECIPITATED 
SUBJECT . IODINATED DIIODOTYRO- 
0.057% | 1.0% SERUM SINE POWDER 
IMMEDIATE DELAYED IMMEDIATE DELAYED (WET SOLID) 
J.A.B. | Wheal_ 8 |8, pale pink, | Wheal 12 /|45, faintly Negative Negative 
Flare 19 | slightly Flare 50 | pink, slightly 
elevated thickened 
Control 1; Wheal 9 33, pale pink Wheal 11 (30, faintly Negative Negative 
Flare 20 | spot Flare 50 | pink, faintly 
thickened 
Control 2} Wheal_ 8 /4, faintly Wheal 7 (35, very faint-| Negative Negative 
Flare 20 | pink Flare 40 | ly pink, no 
| thickening 
































It will be noted that, as far as immediate reactions are concerned, no marked 
differences were noted between J. A. B. and the controls. This is interesting be- 
cause strongly positive reactions would be expected in human hypersensitivity to 
iodinated protein. Such differences in delayed reactions as occurred may not 
have been enough to be significant. While these tests were being carried out, 
it happened that another individual, J. B. H., hypersensitive to formaldehyde, 
was available. J. B. H. was tested for hypersensitivity to formolized human 
serum, but, as in the above instance with iodinated proteins, the outcome was 
essentially negative. 


Failure of patch tests with precipitated iodinated protein, and diiodotyro- 
sine, the specific grouping in iodinated proteins, was quite definite. Intracutane- 
ous tests with diiodotyrosine were likewise negative (Table I). No generalized 
reaction was observed following any of the tests, although local reactions from 
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the patch tests at times were exceedingly severe. The responses observed were 
exclusively of the delayed type. 





Since hypersensitiveness is a highly selective phenomenon, it was of interest 
to learn whether idiosynerasy to iodine is subject to the same law of specificity. 
To obtain this information cross tests were performed with iodine and formalde- 
hyde on J. A. B. and J. B. H. The method of testing and results noted are given 
in Table III. 






TABLE III 










SPECIFICITY OF IDIOSYNCRASY TO IODINE 





Readings made on the day following the test 
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TESTED WITH: | 
5% IODINE IN VASELINE 
= ,ANOLIN SALVE CONTAIN- 
SUBJECT WASHED OFF AFTER 15 pro ¥ enn i DEHYDE | LANOLIN—NOT WASHED 
MINUTES WITH SODIUM : aan aman “a : OFF a 
THIOSULFATE 3 ; 1 
J. A.B. Pale pink, slight Negative Negative 
vesiculation 
J.B. H. Negative Pink, thickened, and rough Negative 
Control 1 Negative Negative Negative 
Control 2 Negative Negative | Negative ue 
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It wil! be observed that with these two substances, iodine and formaldehyde, 
the specificity was definite. J. A. B., hypersensitive to iodine, had a pink, slightly 
vesiculated lesion twenty-four hours after treatment with iodine salve, but gave 
no trace of reaction with formaldehyde salve. In J. B. H. the opposite reactions 
were observed. Thus these idiosyncrasies appear to be as specific as other im- 
munologic phenomena. Since hypersensitivity to lanolin has been reported, a 
control test of this substance was included. 
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DISCUSSION 





Interpretation of these studies is necessarily limited by the fact that they 
were obtained from a single experimental subject. However, certain points seem 
to be clear. The condition known as contact sensitivity to iodine is a manifesta- 
tion of hypersensitiveness and is characterized by strict specificity. All intra- 
cutaneous tests with iodine solutions or iodinated protein were negative or 
equivocal. 













In regard to the failure to obtain immediate reactions to intracutaneous 
injections of iodinated protein, it should be considered that a single negative 
result of this sort does not carry much weight. However, the tests were repeated 
a number of times with different preparations and concentrations, and the op- 
portunity for technical errors would not seem to be great. It would seem that 
Wolff-Eisner’s hypothesis'* that these idiosynerasies are due to the formation of 
an antigen by the combination of iodine with body constituents has not yet been 
proved. It may be recalled, however, that reactions with protein combinations 
have been obtained in guinea pigs!® sensitized to simple chemical substances. 
















The absence, noted in Table I, -of a dermal reaction to a simple alcoholic it 
solution of iodine (no potassium iodide) was observed twice but needs further i 
confirmation since tests were performed with a minimal quantity of material in 
an attempt to avoid unnecessary reactions in this very hypersensitive patient. 
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SUMMARY 


An individual giving marked contact reactions with iodine was examined. 
The specificity of the reaction and methods of testing were studied. Intradermal 
tests were essentially negative. No conclusive evidence of sensitivity to potassium 
iodide, diiodotyrosine, or iodinated protein was observed. 
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ACUTE ENDOCARDITIS DUE TO AN ANAEROBIC 
PNEUMOCOCCUS* 


ALVIN HOLLANDER, M.S., AND Eva LAaNpsBerG, M.D. 
BRooK yn, N. Y. 


N 1936 three strains of anaerobic pneumococci were described by Smith.t. Of 
these, two different strains were isolated from the throat of a patient. with 
chronic bronchitis and one was obtained by post-mortem culture from the lung 
in a patient with pneumonia. White? cites a personal communication from Avery 
regarding the occurrence of anaerobic pneumococci. We have not been able to 
find any other descriptions of anaerobic pneumococci. The following case is the 
first instance in which such organisms have been isolated from the blood stream 
during life and also the first case of acute endocarditis caused by an anaerobic 
pneumococcus. 
REPORT OF CASE 


D. L. (Hospital No, 221450), a 9-year-old boy, was admitted to the Pediatric Service on 
April 22, 1939, with the following history: Thirteen days prior to admission, he complained 
of a headache on the left side of his head. Daily fluctuations in temperature from 98.6° to 
104° F. were observed. On the third day of his illness, there developed swelling and redness 
of the left eye, and pain in the neck without rigidity. Eight days before admission, a cardiac 
murmur was heard for the first time by the family physician. During the three days before 
admission four chills occurred, with temperature elevations reaching 105.2° F. 

Physical Examination: The patient was well nourished, well developed, and acutely ill. 
There was injection of the nose and pharynx and slight enlargement of the cervical lymph 
nodes. The heart was not enlarged but there was present a high-pitched musical systolic mur- 
mur at the apex, transmitted to the axilla. The spleen was palpable 0.5 em. below the costal 
margin and was firm but not tender. The liver was palpable 1.5 cm. below the costal margin. 
The swelling of the eye was no longer evident and the pains in the neck had disappeared. 
The laboratory data were as follows: hemoglobin 70 per cent, erythrocytes 3,570,000 per 
emm., leucocytes 12,500 per cmm., with 82 per cent polymorphonuclear cells, of which 23 per 
cent were band forms, 14 per cent lymphocytes, and 4 per cent monocytes, The urine was 
negative. 

Course: At 10:00 p.m. on the day of admission the patient had a chill with a rise of 
temperature to 105° F. A blood culture taken at this time showed a growth of anaerobic 
pneumococci after three days (the organisms will be described later). On the following day 
there developed a slight swelling and tenderness of the left knee and left shoulder and hip. 

On April 24, two days after admission, the patient showed signs of meningitis with 
rigidity of the entire spine and neck. The Kernig sign could not be evaluated because of the 
pain in the left limb. Lumbar puncture revealed a turbid spinal fluid under slightly increased 
pressure. A cell count of 1020 per c.mm., with 93 per cent polymorphonuclear cells and 7 per 
cent lymphocytes was obtained. The sugar content was normal. A Gram stain of the fluid 
showed very rare gram-positive diplococci which failed to grow on culture. Blood culture re- 
vealed the same organism previously isolated. 

Because of the presence of gram-positive cocci in the spinal fluid, intrathecal sulfanila- 
mide and oral sulfapyridine therapy were instituted. Spinal fluid withdrawn immediately 
before the first intrathecal injection of sulfanilamide contained 760 cells per c.mm., 75 per 
cent being polymorphonuclear cells and 25.per cent lymphocytes. This specimen showed no 
organisms in the direet smear and no growth on culture. 


*From the Division of Bacteriology, Departments of Laboratories and Pediatrics, the 
Jewish Hospital of Brooklyn. 


Received for publication, November 3, 1939. 
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By the next morning the temperature had dropped to below 100° F. The tenderness in 
the lumbosacral region and left leg and the nuchal rigidity had almost completely disappeared. 
Roentgenographic examination-of the hip and pelvis was negative. There was present definite 
haziness in the left frontal, ethmoidal, and maxillary sinuses. (Cultures were not obtained 
directly from the sinuses, but nose and throat cultures showed no anaerobic pneumococci.) 
During the next week the temperature remained below 100° F. and the child’s condition ap- 
peared to improve. 


? 


On May 2 a tender erythematous area, 3 em. in diameter, was seen on the dorsum of the 
right foot. On May 4 and May 6 the patient had chills with a positive and negative blood 
culture, respectively. On the latter date he complained of severe pain in the left hand 
which showed tenderness and swelling of the metacarpal region and redness and swelling 
of its volar surface. In the evening of the same day a purpuric rash appeared on the volar 
surfaces of both hands and the plantar surface of the right foot. The rash consisted of 
reddish-violet spots, about 0.5 em. in diameter, which were not elevated and which faded on 
pressure, Cultures of these areas were negative. The spleen was palpable 3 cm. below the 
costal margin and was hard, firm, and not tender. The fundi were normal. By May 14 the 
rash was almost gone. The patient had a yellowish pallor but no jaundice. There was pain 
in the right elbow which, however, was not red or swollen. The murmur was much louder 
and scattered sibilant rales were heard over both lung fields. The liver could now be felt 
4 em. below the costal margin. 

On May 16 the face was flushed and had a cyanotic tinge. There was present in each 
eye a hemorrhage at the margin between the inferior bulbar and palpebral conjunctivae. On 
May 20 the patient became irrational and delirious. Convulsive seizures occurred, starting on 
the left side and becoming generalized in a few seconds. During these seizures the right arm 
and leg were spastic. The course continued steadily downhill and the patient died on May 
22. A lumbar puncture shortly before death showed a turbid fluid with innumerable gram- 
positive diplococci. On-culture these organisms proved to be identical with those isolated from 
the blood. Consent for autopsy was not given. 


BACTERIOLOGIC STUDIES 


The organism was a small gram-positive lancet-shaped diplococeus which 
could be grown only under anaerobic conditions. The colonies, like those of 
pneumococci, were flat and surrounded by an area of greenish discoloration. It 
was bile soluble but did not give a ‘‘Quellung’’ reaction with the sera of the 
known types. Fermentation with acid and clot formation oceurred in inulin, 
galactose, lactose, maltose, saccharose, mannite, sorbitol, dextrose, salicin, glye- 
erol, and levulose serum media. The strain isolated by Smith differed in that no 
reaction took place in mannite, and acid only was formed in sorbitol and 
glycerol. 

Per se the organism was not pathogenie for mice. When injected together 
with mucin, however, the mice were killed in eighteen hours by a suspension con- 
taming 150,000,000 organisms per cubic millimeter and positive cultures were 
obtained from the peritoneal exudate and heart’s blood. In rabbits the in- 
travenous injection of as much as 2 e.mm. of an eighteen-hour broth culture 
‘aused a transient bacteriemia which did not have a fatal outcome. When the 
animals were sacrificed six weeks after the injection, the only lesions present were 
a few small abscesses in the liver. Intracutaneous inoculation of 1 e.mm. pro- 
duced the same picture except for the presence of a huge local abscess around the 
site of the injection. Guinea pigs were killed by the intraperitoneal injection 
of 1 e.mm. of an eighteen-hour broth eulture, although 0.1 ¢.mm. was not fatal. 
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HOLLANDER-LANDSBERG : 


Mice infected with the organism-mucin mixture were not protected by either 
sulfapyridine or sulfanilamide. Control experiments with a virulent pneumo- 
coccus revealed that mice could not be protected against suspensions of the same 
density, although the therapy was effective against smaller numbers of lethal 
doses. Obviously, no conclusion can be drawn concerning the susceptibility of 
our strain to sulfapyridine. 

Rabbits were immunized by repeated intravenous injections of a suspension 
of killed organisms. The antiserum produced gave positive ‘‘Quellung,’’ agglu- 
tination, and protection tests with the homologous strain. No ‘‘Quellung’’ re- 
action was obtained with any of the 32 known serologie strains, and agglutination 
and protection tests with types I, II, V, VI, and XIV were negative. 

For approximately four months after its isolation, the organisms could be 
grown only under anaerobic conditions. After this period, however, it began 
to grow aerobically. At first there was a scanty growth but within five days it 
grew luxuriantly. The aerobie strain was identical with the anaerobic in its 
fermentation and serologic reactions, its virulence for mice, and its behavior to 
sulfapyridine. 

DISCUSSION 


A ease of acute endocarditis and meningitis caused by an anaerobic pneumo- 
coccus is reported. The onset with headache and swelling of the eye and the 
roentgenographie evidence of infection in the sinuses indicate that these were the 
primary foci, although in the absence of positive cultures this cannot be stated 
definitely. 

Since soluble sulfapyridine was not then available, intrathecal sulfanilamide 
was given and maintained at a level of 7.6 mg. per cent for five days. The effect 


of this therapy is difficult to evaluate. As seen from Table I, the second spinal 


fluid was already sterile and the number of cells had fallen from 1,020 to 760 
per cubie millimeter. The subsequent fluids, except for the last one, were all 
sterile and showed a steady decrease in the cell count. The intratheeal therapy 
was discontinued when the number of cells had fallen to 29. 

Concurrently with the intrathecal sulfanilamide, oral sulfapyridine was 
instituted. On April 26, two days later, a blood level of 15 mg. per cent was 
reached. During the next week a total of 725 grains of sulfapyridine was 
given. The temperature in this period was below 100° F. On May 4 the 
patient suffered a chill with a rise in temperature to 104.2° F. A blood cul- 
ture at this time was positive. The concentration of sulfapyridine in the 
blood which had been 9.4 mg. per cent the previous day had fallen’to 5.7 mg. 
per cent. The spinal fluid showed no organisms and had only 21 cells per 
eubie millimeter. Since the temperature remained high and the blood sulfa- 
pyridine could not be raised above 6.9 mg. per cent by oral administration, a 
soluble sulfapyridine compound (7 per cent solution) was given intravenously. 
After two intravenous injections the temperature curve appeared to take a 
downward trend. On the next day, despite a sulfapyridine level of 11.1 mg. 
per cent, a positive blood culture was obtained. For the next two days the 
temperature ranged between 99° and 101° F. Following the third injection, 
however, a rise in temperature occurred and the intravenous therapy was dis- 
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TABLE I 


SPINAL 


FLUIDS 








PRESSURE 


AP- 
PEAR- 
ANCE 


SMEAR 


CULTURE 


CELLS 


SULFA- 
NILAMIDE 
CONCEN- 
TRATION 


(mG. %) 





Slight increase 


Slight increase 
Slight increase 
Slight increase 
Normal 
Normal 
Normal 
Normal 
Slight increase 


Slight increase 








Turbid 


Turbid 
Turbid 
Clear 
Clear 
Clear 
Clear 
Clear 
Clear 


Turbid 





Gram-positive 
diplococci 
(rare) 

No organisms 
organisms 
organisms 
organisms 
organisms 
organisms 
organisms 

No organisms 

Innumerable 


gram-positive 
diplococei 





No growth 


Sterile 
Sterile 
Sterile 
Sterile 
Sterile 
Sterile 
Sterile 
Sterile 
Anaerobic 


pneumo- 
eoccus 





1,020 (93% 
(70% 


760 (75% 
(25% 
860 (69% 
(31% 
220 (79% 
(21% 
(80% 
(20% 
(52% 
(48% 
(38% 
(62% 
(37% 
(63% 
(48% 
(52% 


polys. ) 
lymph. ) 


polys.) 
lymph. ) 
polys. ) 
lymph. ) 
polys. ) 
lymph. ) 
polys. ) 
lymph. ) 
polys. ) 
lymph.) 
polys.) 
lymph.) 
polys. ) 
lymph.) 
polys. ) 
lymph.) 








TABLE IIL 


Buioop 








SULFAPYRIDINE CON- 


sents siaseaaens CENTRATION (MG. %) 





4/22 Anaerobic pneumococcus 
4/24 Anaerobic pneumococcus 
4/26 
5/ 3 
5/ 4 Anaerobic pneumococcus 
5/ 6 Sterile 

5/ 9 Sterile 

5/11 Anaerobic pneumococcus 
5/18 Anaerobic pneumococcus 











continued. The patient continued to receive 60 grains of sulfapyridine daily 
by mouth. Nevertheless, one week later the blood level was only 3.2 mg. per 
cent. From Table II it is obvious that there was no relationship between the 
outcome of the cultures and the concentration of sulfapyridine in the blood. 
This fact was given added support by our experiment which showed the resist- 
ance of the organism to the drug. 

Data concerning the frequency of the occurrence of anaerobic pneumo- 
cocci is not available, since they are, as a rule, not sought for routinely. Our 
observations suggest that further investigation along these lines is needed. 


SUMMARY 


1. A case of acute endocarditis and meningitis caused by an anaerobic 


pneumococcus of a new serologic type is reported. 





DAUBENMIRE: ATMOSPHERIC POLLEN AT MOSCOW, IDAHO ~ $311 


2. The identity of the organism was established by its solubility in bile, 
fermentation of inulin, and ‘‘Quellung’’ reaction with an homologous immune 
serum. 

3. These organisms were not pathogenic for mice, which could be killed by 
the injection of a heavy suspension in mucin. 


4. Mice infected with mucin suspensions of these organisms were not pro- 
tected by either sulfanilamide or sulfapyridine. 


We wish to express our gratitude to Mrs. Anita Rosenfeld for her technical assistance. 


ADDENDUM: In a recent article Walter and her co-workers’ described a new type of 
pneumococcus which they designated as type 33. Miss Walter was kind enough to examine our 
strain and found it to be of the same type. 
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A QUALITATIVE AND QUANTITATIVE STUDY OF ATMOSPHERIC 
POLLEN AT MOSCOW, IDAHO 


JrAN B. DAUBENMIRE, M.S., Moscow, IpaHo 


HE collections of atmospheric pollen grains used in this study were ob- 

tained by exposing gelatin-coated microscope slides on top of Morrill Hall 
on the campus of the University of Idaho at Moscow. The campus is on.a hill, 
and the roof of Morrill Hall, a four-story building, is high enough that the 
local vegetation has a minimum effect upon the composition of the pollen of 
the atmosphere. 

An attempt was made to collect pollen for every twenty-four-hour period. 
This was not always possible, and as many as six days elapsed between some 
of the samples. 

The slides were prepared according to Wodehouse’s' glycerin jelly method, 
and the stain, basic fuchsin, was prepared according to the method of Cham- 
berlain.2 The slides were exposed 6 inches below the flat roof of a small 
especially constructed shelter. After exposure the slides were stored in cream 
sample bottles to keep them from gathering more pollen and dust before the 
cover slips were applied. They could be stored in this way indefinitely if 
rainy weather did not excessively moisten the gelatin so as to permit mold 
spores to germinate. 

Wodehouse’s' key for the identification of pollen grains was used, and 
as further aids in identification, observations were made on the phenology of 
plants in the Moscow vicinity, and reference mounts were prepared from fresh 
or from herbarium specimens. : 

Slides were exposed from February 19 until December 2, although no pollen 
was found on them before March 5 or after November 30. 


Received for publication, November 6, 1939. 
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The first pollen caught was three grains of grass pollen which appeared 
on March 5 (see Chart 1). Sinee no other grains of this type were caught until 
late in April, these grains were apparently produced the previous year. Other 
pollens appearing too early for the regular seasons were from Pinus, Artemisia, 
Chenopodiaceae, or Amaranthaceae, and of the Anthemis and Rumex types. 
Pine sheds its pollen most abundantly in June, but old staminate cones were 
found shedding pollen in midwinter of 1939 shortly after this study was discon- 
tinued. This indicates a possible source of at least some of the stray grains col- 
lected out of the normal season. Duke and Durham’ state that rain washes from 
the pollen grains the active principle causing allergy, so that these few out-of- 
season grains can be completely ignored in using the data in the treatment of 
pollinosis. 


Pollen Type “aximum|Date of 
x Count |!‘aximum 


varex 
caceae 


us 


U aceaee 
a 
cer sacc 
r ne 
cer 
Vornus 
rex 
eaceae 


De 


Chart 1.—Pollen types collected at Moscow during 1938. Shaded area indicates the total 
span of the pollination season; black area indicates the interval between the first and last days 
on which five or more grains fell on the sample area of gelatin (3.24 cm.). 

Although pollen analysts in other regions have distinguished between species 
belonging to the Chenopodiaceae and Amaranthaceae, this distinction was found 
impossible at Moseow. Table I, showing the measurements of a series of grains 
collected in early summer, indicates the difficulty encountered. 

The local flora includes about twenty species in the Chenopodiaceae (di- 
vided among Atriplex, Chenopodium, and Salsola) and four species of Amar- 
anthus. The data in Table I show that the measurements of the pollen grains 
of this particular flora overlap to an extent that the distinction of the species 
is practically impossible. 
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TABLE I 








NO. OF DIAMETER DIAMETER DISTANCE BETWEEN 
GRAINS OF GRAIN OF PORE PORES 





mu mu mu 
21.58 1.66 4.15 
23.24 2.49 5.81 
23.24 3.32 5.81 
24.90 1.66 2.49 
24.90 1.66 4.15 
24.90 2.49 9.96 
24.90 2.49 3.32 
24.90 2.49 4.49 
24.90 2.49 4.15 
24.90 2.49 6.64 
24.90 3.32 6.64 
24.90 3.32 4.98 
24.90 3.32 8.30 
26.56 2.49 6.64 
26.56 3.32 6.64 
26.56 3.32 4.98 
26.56 4.15 5.81 
28.22 3.32 4.98 
28.22 3.32 8.30 
29.88 1.66 2.49 
29.88 3.32 4.98 
29.88 2.49 4.98 


lel lel ee eel ee ee ee 





Four per cent of the total grains collected during the year were received 
in a crushed condition, or were of unrecognized types. 
Examination of weather records,‘ particularly the deviations from normal 


precipitation and temperature, shows that during the months when this study 
was made, the weather was slightly drier and warmer than the forty-six-year 
averages. According to Durham,> the dates of onset, crises, and close of the 
pollen seasons are practically the same at a given locality each year, except in 
eases of extreme drought. The weather of 1938 so closely approximated the 
normal climate that the pollen data presented in Chart 1 are probably typical 
of average years. 


I wish to thank Dr. R. F. Daubenmire for suggesting the problem and directing the re- 
search, and Dr. A. E. Braun and Mr. Arthur Nelson for assistance in exposing slides during my 
absence from Moscow. 
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INTRAMUSCULAR ADMINISTRATION OF SODIUM SULFAPYRIDINE* 


Lynn T. Hautu, M.D., Epwarp THompson, M.D., aNpb 
RayMoNnD J. WyRENS, M.D., Omauna, NEB. 


NTRAVENOUS and oral administrations of sodium sulfapyridine have been 
up to now the only routes used in the United States. Most American clinicians 
have administered the drug intravenously,’ and many reports have appeared 
in the literature on this means of administration.” * *® However, the intra- 
muscular route offers certain advantages over the intravenous route if the drug 
ean be given with equal safety. Gaisford* and others have preferred to give 
the drug intramuscularly. 


Before recommending this type of treatment, one should consider certain 
experimental work. Recent reports of experimental intramuscular injections 
in guinea pigs showed such therapy to be dangerous and impractical, at least 
in the guinea pig. Necrotic sloughs occurred frequently, and local reactions 
were many.’ In human muscles, however, the mass of muscle is larger and the 
total quantity of extracellular space that apparently contains large quantities 
of chloride is greater, thus providing a factor of safety. Those clinicians op- 
posed to the intramuscular route of administration also contend that this 
method is likely to produce local irritation and that, even if the drug is de- 
posited into the muscle, a depot may be formed from which prolonged absorp- 
tion can take place. Furthermore, because of the high pH (11.5) of the 
material used as compared with normal body fluids, it is argued that this solu- 
tion is far too alkaline and caustic to be employed with safety. We have not 
found this to be so. 

During the past five months 25 patients have been treated with more than 
350 intramuscular injections of the drug. 


METHOD OF ADMINISTRATION 


A 33% per cent solution of sodium sulfapyridine in sterile water was pre- 
pared freshly with each dose of the drug. This preparation was injected 
deeply into the gluteal or thigh muscles, care being taken that none of the 
material was deposited into the subcutaneous tissue through the needle tract 
either upon injection or upon withdrawal of the needle. The schedule of 
dosage followed closely that used in the oral administration of the drug. Each 
cubic centimeter of the solution represents 0.33 Gm. At the first injection from 
6 to 10 ¢.c. were given, followed by 3 ¢.c. every four hours, until the tempera- 
ture was normal for twenty-four hours. Thereafter the dose was reduced one- 
half, and its administration was continued for the next five or six days. 

*From the Department of Medicine, College of Medicine, University of Nebraska. 


The material used in this study was furnished by Merck & Co. 
Received for publication, June 27, 1940. 
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DISEASES STUDIED 


Treatment was not limited to cases of pneumococeal infections but included 
several other diseases, with varying degrees of clinical success. They are in- 
cluded in this series to demonstrate the efficacy of the route of administration 
rather than to stress clinical effects of the drug. 


ANALYSIS OF DATA 


Table I shows a record of treatment of 25 persons with infectious diseases, 
14 of whom had pneumonia. Diagnoses were confirmed by culture, typing, and 
x-ray studies whenever possible. Concentration studies of the drug in the 
blood were likewise made, and these are recorded. The blood levels recorded 
in the table represent figures obtained after or during intramuscular injections 
and before oral administration had been started. These blood levels closely 
parallel those obtained with the same amount of the drug administered orally. 
It will be noted that the temperature responses are almost identical with those 
following the oral administration of the drug. The clinical results appeared 
to be as good as those obtained by other methods of administration. Toxic 
effects were strikingly few or extremely mild when noted. In the 25 patients 
studied there were no local effects of irritation or tumefaction. The patients re- 
ported no more pain attendant upon the intramuscular procedure than has been 
noted after any other parenteral therapy in common use. The only toxic 
effects noted were four instances of nausea and vomiting; three of these pa- 
tients had been vomiting before the drug was given. No instances of agranulo- 
cytosis, massive red blood cell destruction, or skin reactions were noted in the 
series. ; 

DISCUSSION 


It is not the purpose of this communication to urge the intramuscular ad- 
ministration of sodium sulfapyridine to the exclusion of other routes. How- 
ever, if it can be shown that this method is a safe procedure, nearly everyone 
will acknowledge that the technical advantages of this route of administration 
are many. 


Some investigators have noted that-muscles are capable of storing metallic 
drugs as well as other materials with no apparent damage and that absorption 
takes place thereafter. If such theoretical depots or storage reservoirs are 
produced, they do not appear to cause. demonstrable effects. It is also of 
interest that adequate levels (83 to 10 mg. per cent) of the drug in.the blood 
may be obtained promptly by this method. Moreover—an important point— 
once the level is reached, it can be maintained for much more protracted 
periods than is the case with intravenous therapy. Fenn and his associates’ 
in 1984 and Sandow® in December, 1939, pointed out that 15 per cent of muscle 
volume is extracellular space, in which all the chloride is believed to reside. 
If this is the case, it may furnish an explanation for the ease with which a 
musele is able to handle the very alkaline sodium sulfapyridine solution. 

The technical advantages of giving any drug intramuscularly are many if 
the procedure is otherwise safe. Gastrointestinal reactions to the drug are 
avoided. Nausea is usually a very constant symptom when the drug is given 
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by mouth, and the condition even progresses to vomiting, which precludes the 
‘administration of the drug. In the treatment of comatose patients it is obvi- 
ously unwise to attempt to make them swallow drugs or to introduce the 
drugs into the stomach by tube, since in either instance the aspiration of the 
drug is likely. Old persons with tortuous and sclerotic vessels, infants, chil- 
dren, and women with inconspicuous or no ample sized veins are usually poor 
subjects for intravenous therapy. Likewise a safe alternative route of admin- 
istration is always desirable in those cases in which any factor has made the 
oral or intravenous routes impracticable or impossible. 


CLINICAL RECORD OF A TYPICAL CASE 


Mrs. A. M., aged 65 years, was admitted to the University Hospital on Dec. 8, 1939, 
complaining of chills, fever, and cough with bloody sputum. Seventy-two hours before 
admission she had been suddenly seized with a chill which was soon followed by fever. 
She began to cough and shortly thereafter felt a sharp pain in the right chest which was 
aggravated by deep breathing and by coughing. 


Her past history is irrelevant except for two attacks of lobar pneumonia, one in 1931, 
the other in 1934. Each time she made an uncomplicated recovery. 


On admission her temperature was 101° F. and rose to 102° F. within two hours. 
There was limitation of motion of the right chest, with dullness and decreased breath 
sounds over its lower half. A few moist rales were heard over the same area. Leucocyte 
count was 15,200, of which 80 per cent were polymorphonuclear in type. Urine was nega- 
tive. A roentgenogram of the chest, taken by the portable unit, revealed a diffuse density 
involving the middle third of the right lung field. Sputum examination revealed type IIT 
pneumococci. 


At eleven o’clock on the night of admission 6 c¢.c. of 3314 per cent solution of sodium 
sulfapyridine were administered intramuscularly, followed in four hours by another 6 ¢.c. 
The following morning administration of 3 ¢.c. of solution every six hours was begun and 
continued for six days. On the morning after admission, after a total of 4 gm. of the drug 
had been received intramuscularly, examination showed a blood concentration of 3.3 mg. 
per 100 ¢.c. Two days later the blood level was 5.4 mg. per 100 ¢.c. and still later 4.1 mg. 
per cent. . 

The patient’s temperature on the second day of admission ranged around 100.5° F.; 
the following morning it dropped to normal where it remained throughout the remainder 
of her hospital stay. The chest findings rapidly resolved and disappeared entirely by the 
seventh day after admission. After the second day the patient felt much better subjec- 
tively, and at no time was there any indication of local irritation at the site of injection. 
The patient was dismissed in good health on Dee. 17, 1939, her tenth hospital day. 


CONCLUSIONS 


1. Twenty-five cases have been analyzed, in which more than 350 intra- 
muscular injections of 3344 per cent solution of sodium sulfapyridine were 
given. 


2. Clinical results of the drug as manifested by blood levels and tempera- 
ture response were parallel to those obtained by orally administered sulfa- 
pyridine. 


3. Extreme care must be exercised to insure the deposition of all the drug 
into the muscle. 


4. Toxic effects were minimal. Local evidences of irritation were not seen. 
5. There are many technical advantages to this route of administration. 
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GIANT CELL TUMOR OF THE FRONTAL BONE 


J. JAY Krrcan, M.D., aNnp CHARLES P. BAkeEr, M.D., OMAHA, NEB. 


HE ease of giant cell tumor of the frontal bone in a boy 13 years old is 

presented here because of the rarity of the lesion in bones which are of the 
membranous type. Review of the literature discloses only one previous case 
which was reported by Fraser! in 1931. This patient, aged 42 years, following 
trauma over the left forehead region, developed a mass. The mass was removed 
surgically and was found t6 be a soft tissue tumor which contained giant cells 
on section. Geschickter and Copeland? reviewed a series of 22 cases of giant 
cell tumor of the skull bones found at Johns Hopkins Hospital and found no 
instance of tumor which arose in membranous bone. All these cases could be 
related to centers of ossification arising in cartilage. They reached the con- 
clusion that benign giant cell tumor could not oceur in bones which arise mem- 
branously. Cotton*® likewise observed that giant cell tumors do not oceur in 
the bones of the skull. 

CASE REPORT 

A white boy, aged 13 years, was first seen on June 21, 1937, with a protruding mass 
in the right forehead region. This mass was first noted in 1935, at which time it was thought 
to be a swelling from an unrecognized trauma. However, progressive enlargement of the 
tumor mass, which was firm in consistency, painless, and not tender on palpation, discredited 
this impression. The mass gradually encroached on the right eye, displaced the eye, and 
restricted its movements. No history of trauma in the region of the tumor mass could be 
elicited. 

The boy was healthy except for the tumor mass above the right eye. In this region 
there was a smooth, firm, right frontal tumor which measured 5 em. in diameter and was 
elevated 1 em. above the level of the surrounding external table of the frontal bone. The 
tumor was situated directly above the superior orbital ridge and external angular process of 
the frontal bone. lLaterally it extended’ across the temporal ridge into the temporal fossa. 
The right eye was slightly exophthalmic and was displaced medially and downward, with re- 
stricted movements laterally and upward. 


Received for publication, November 6, 1939. 
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Roentgenograms (Figs. 1 and 2) of the skull showed an extensive area of decalcification 
at the site of the tumor between the thinned inner and outer tables of the frontal bone. 
Medially a very thin, rounded plate of bone was thought to separate the tumor from a small 
frontal sinus. The frontal sinuses were clear and symmetrical except for slightly less lateral 
extension on the right. Laterally the tumor extended almost to the limits of the frontal 


Fig. 1.—Frontal roentgenogram of skull showing encroachment of tumor on right frontal 
sinus and superior orbital plate. 

Fig. 2.—Right lateral roentgenogram of skull showing extension of tumor into temporal 
fossa. 

Fig. 3.—Photograph two years postoperative showing site of defect and normal right eye. 

Fig. 4.—Roentgenogram two years and four months postoperative showing filling of bone 
defect. 
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bone at the articulation with the sphenoid and malar bones. The inner surface of the tumor 
was indefinitely outlined by a rounded, partly absorbed, inner table which seemed to pro- 
trude into the cranial cavity about 4 cm. The superior orbital plate was well defined but was 
depressed about 5 mm. from above and laterally. Some evidence of trabeculation could be 
seen within the tumor although its general density was little greater than the normal frontal 
sinus. A preoperative diagnosis of right frontal mucocele was made. 


Fig. 6.—High-power microphotograph of tumor showing distribution of nuclei in giant cells. 


At operation on July 19, 1937 an opening, 2 by 3 em., was made through a somewhat 
roughened and almost perforated thin external table over the tumor. Moderately firm, grayish 
red tumor tissue was found filling the bone defect. An immediate pathologie report was giant 
cell tumor, possibly xanthoma. The tumor tissue was removed by blunt dissection and 
curettage with considerable bleeding. The inner table, which was found to be thin and eroded 
in places, was partly removed from the dura to reduce its impression on the frontal lobe of 
the brain and to permit some expansion of the frontal lobe into the large cavity where the 
tumor had been. The superior orbital plate was not removed where it had been depressed by 
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the tumor. Hemostasis was obtained with difficulty in the region of the lateral tumor bed by 
means of electrocoagulation. In this region and at other places in the wall some tumor 
tissue probably remained. The tumor cavity was filled with normal saline, and the scalp 
was closed without drainage. 

Recovery occurred without aspiration or infection. Roentgen radiation therapy was 
given over the tumor area from July 26 to July 31, 1937, in a dosage of 1035 r. divided into 
six daily doses. The blood cholesterol determination on July 26, 1937, was found to be 
150 mg. per cent, and the blood calcium was 8.8 mg. per cent, both within normal limits. 
Fluoroscopic examination of all the bones of the body disclosed no evidence of further bone 
lesions. 

The boy has remained well for more than two years since the operation, and the area 
operated upon shows very little remaining deformity. The right eye does not appear exoph- 
thalmic, and its movements are normal (Fig. 3). Roentgenograms taken on Oct. 27, 1939 
(Fig. 4) show the area of bone removed by operation surrounded by a smooth wall, con- 
siderably reduced in size with no evidence of recurrence of the tumor. 

The tissue removed by the surgeon consisted of 32 Gm. of grayish red hemorrhagic 
tumor. The tissue was very friable and crumbled easily, except that removed from the 
periphery which was more firm and had more the appearance of fibrous tissue. These firmer 
areas extended into the central portion of the tumor. 

On section the tumor was found to contain great numbers of multinucleated giant 
cells. In some areas there were from 20 to 40 giant cells in a low-power field (Fig. 5). The 
giant cells contained from 5 to 25 oval uniformly staining nuclei which had a tendency 
to be grouped in the center of the cells (Fig. 6). The cytoplasm of the giant cells was 
homogeneous and stained well with eosin. The giant cells were more abundant at the 
periphery of the tumor but were present to a lesser extent throughout the tumor. The 
stroma of the tumor was very cellular and consisted of round and spindle-shaped cells, the 
former being most numerous. The nuclei of the round cells were similar in appearance to 
the nuclei of the giant cells. The cytoplasm of the round cells was small in amount. The 
tumor contained many blood cells both inside and outside of blood vessels. 


CONCLUSION 


A ease of benign giant cell tumor of the frontal bone has been presented. 
The location of this tumor in membranous bone is unusual since there is only 
one other case reported in the literature. The theory of Geschickter and Cope- 
land for the origin of giant cell tumor from resorptive processes in cartilaginous 
bone seems quite reasonable but does not explain the origin of this tumor. We 
have been unable to find any evidence in the literature of embryology that 
cartilage is ever present in the frontal bone. We have made no study of the 
origin of giant cell tumor and have no theory as to the origin of this tumor. 
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CLINICAL CHEMISTRY 


A THEORY OF PORPHYRINOGENESIS* 
W. J. Turner, B.S., M.D., Nortu Lirrte Rock, ARK. 


HERE is no one today who can say how hemoglobin is formed or from 

what sources its pigmented fraction, protoporphyrin, arises. After a cen- 
tury of study of hemoglobin metabolism there is still nothing known of its 
anabolic aspects. Between the absorption of food and the appearance of 
porphyrins and porphyrin compounds in the cells of the body and in excreta 
there lies an unexplored and undoubtedly important gap. 

In the absence of any definite information as to how the various porphyrins 
‘arise, a number of hypotheses have been broached, all of which fail to satisfy 
the requirements of heuristic concepts in two major essentials. In the first 
place, they leave unexplained one or more of the major factors in the problem ; 
in the second place, they offer no points for direct experimental attacks. Any 
theory of porphyrinogenesis must explain the following facts: 


I. The occurrence of the following porphyrins: protoporphyrin 2, proto- 
porphyrin 9, coproporphyrin I, coproporphyrin III, uroporphyrin I, and uro- 
porphyrin III (Fig. I). 

II. The normally great predominance of protoporphyrin 9. 

III. The normal appearance of small and equal amounts of the two copro- 
porphyrin isomers. 

IV. The extremely rare occurrence of the uroporphyrin isomers. 

As a matter of historical interest it is worthy of note that Giinther,' in his 
1911 monograph on porphyria, discussed the possibility that there might be a 
faulty catabolism of hemoglobin, with the production of ‘‘hematoporphyrin”’ 
in the liver. This view was shortly proved untenable, at least in its original 
form, by Fischer’s? demonstration that the porphyrins excreted in porphyria 
are coproporphyrin and uroporphyrin, and that in any event they are of an 
entirely different isomeric type than is the blood porphyrin. Further studies 
on porphyria have also revealed that the enlarged liver of true congenital 
porphyria is not funetionally impaired either as an excretory or as a metabolic 
organ,® and that acute porphyria not infrequently oceurs without evidence of 
liver damage.**® It should not now require proof that the ‘‘urobilinogen”’ of 
the acute porphyrie urine is not urobilinogen at all.* ° 

Following his demonstration that the feces of Petry contained the tetra- 
carboxylic acid coproporphyrin, whereas the urine contained predominantly 
the octacarboxylic acid uroporphyrin, Fischer®* suggested that the former 
might arise by carboxylation of the latter in the kidney. This has been aban- 

*From the Veterans Administration Facility, North Little Rock. 
Published with permission of the medical director, Veterans’ Administration, who as- 


sumes no responsibility for the-opinions expressed. 
Received for publication, October 26, 1939. 
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doned in view of the improbability that such a reaction could occur biologi- 
eally. Further, it was soon found that uroporphyrin existed in Petry bone and 
in his ascitic fluid.’ 

By 1929, when Borst and Konigsdorfer* published their monumental trea- 
tise on the pathologic examination of Petry, the Miinchen school was in agree- 
ment that the synthesis of the three main types of porphyrins ran independent 
courses. In particular, porphyria was regarded as an error of porphyrin 
anabolism. 

Repeatedly suggested, even today, is the possibility that protoporphyrin 
may give rise to coproporphyrin. This is based on the old idea that the por- 
phyrin excreted in porphyria is hematoporphyrin. It is to be said here that 
hematoporphyrin is an entirely artificial product of the chemical laboratory 
and does not oceur in nature. The belief was a part of the theory that there 
might be a faulty breakdown of hemoglobin in the liver. In 1932 van den 
Bergh, Grotepass, and Revers’ claimed that on perfusion of liver with a solu- 
tion containing protoporphyrin the bile excreted contained coproporphyrin. 
This experiment has been widely quoted or tacitly used to support later pro- 
ponents of a catabolic theory of coproporphyrin formation. Aside from the 
fact that it has never been repeated, and that Fischer has been unable to cor- 
roborate it,’° the evidence presented by the authors is of the slightest sort. 
Fischer and Orth’? say: ‘‘Méglicherweise hiandelt es sich hierbei aber um die 
leichte verstandliche Bildung von Himatoporphyrin IX, an Stelle des Kopro- 


porphyrin III.’’ The objection must also be made that the catabolic theory 
entirely begs the question as to the origin of protoporphyrin. 


Later Schreus" and Carrié'? proposed a classification of diseases of por- 
phyrin metabolism based on the type of porphyrin excreted. If type I por- 
phyrins were formed, it would be considered a ‘‘primary’’ fault; if type III, 
it would be ‘‘secondary’’ to a faulty hemoglobin destruction. While some 
evidence has been presented for this view, and Vannotti,'® in particular, leans 
to it, recent studies on porphyria have shown such a classification to be 
wholly untenable. Among the objections to it may be mentioned only the 
necessity of explaining how protoporphyrin may give rise to coproporphyrin ; 
the failure to explain uroporphyrin or protoporphyrin formation; the failure 
to explain Dobriner’s™ evidence that coproporphyrin formation is associated 
with erythropoiesis rather than hemolysis; and the inability to explain the 
simultaneous excretion of both isomeric types of porphyrins, which is the rule 
rather than the exception. 


The faulty hypotheses of the past have been inadequate in large part be- 
cause of the lack of sufficient data on which to build soundly. Since the dis- 
covery of a porphyria with excretion of coproporphyrin III by van den Bergh, 
Regniers, and Miiller’® in 1928, there has been a realization that sooner or later 
isomers of the other known porphyrins would be found to occur in nature. This 
was demonstrated for the uroporphyrins in 1935 by Waldenstrém,’* and in the 
following year by Mertens,’ and by Fischer and Libowitzky.'* It has since 
been abundantly confirmed in human,'* '’ bovine,?° and squirrel?? porphyria 
that both isomers are excreted simultaneously. Recently, Mertens?? has re- 
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vealed indeed that in Petry feces the presence of coproporphyrin III in ad- 
dition to coproporphyrin I had been overlooked, despite its presence in amounts 
as great as that of the more easily crystallized coproporphyrin I. This is of 
the greater importance since Grotepass”* has reported that the two copropor- 
phyrin isomers occur in equal amounts in normal urine. Recently, Fischer** 
has presented evidence that there is also a dualism of the blood pigments, in 
that, in addition to the previously identified protoporphyrin 9 obtainable from 
hemoglobin, there is also a small amount of protoporphyrin 2. 
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In 1936 Rimington,”* appreciating the dualism of the porphyrins, proposed 
a schematic theory of enzyme action controlling not only the rate and type of 
porphyrins production, but also the formation of different porphyrins. His 
postulates, however, were too generalized for closer definition and merit no 
attention. In the same year, at the Baltimore meeting of the Southern Medi- 
cal Society, Dobriner put forth a theory, published in 1937,'** that definitely 
proposed a chemical mechanism of .porphyrinogenesis in keeping with known 
facts. 

According to Dobriner, it is postulated that there are formed two pyrro- 
methenes, A and B, which may combine in any of three possible ways: A +A 
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will give a type I porphyrin; B + B, a type II porphyrin; A + B, a type III 
porphyrin. 

Type II porphyrins have not so far been discovered in biologic material, and 
Dobriner was led to suppose an enzymatic action which would act in such man- 
ner as to agree with actual facts. It will be noted that this ingenious theory 
still fails to explain the occurrence of three kinds of porphyrins. 

By a glance at the formulas in Fig. I it will be apparent that these three 
kinds of porphyrins may be considered to be comprised of no more than three 
structural units; namely, 2-acetic acid, 3-propionic acid pyrrol ; 2-methyl, 3-pro- 
pionic acid pyrol, and 2-methyl, 3-vinyl pyrrol, of the structures in Fig. ITT. 
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Figure Ti 





Figure inva 


By simple decarboxylation of the acetic acid group pyrrol I is transformed 
into pyrrol II; dehydrogenation and decarboxylation of pyrrol IT leads to pyrrol 
Ill. These reactions are well known in biologie processes, and it is not un- 
imaginable that pyrrol I may actually be the primary building block of the 
naturally occurring porphyrins. 

Such a pyrrol may well undergo an aldehyde synthesis to form a pyrro- 
methene. Corwin and Andrews”* have shown that in the aldehyde synthesis of 
pyrromethenes there is an intermediary formation of a tripyrrylmethane. It is 
of considerable interest that at least once in the experiments of Nature such a 
compound has been formed as a blind alley. This compound, prodigiosin, has 
been given the structure in Fig. IV.?’ 

It may now be seen that if such a tripyrrylmethane were to be formed of 
the pyrrol I units, it may have the following form, which, on passing to the 
pyrromethenes, may lead to uroporphyrins I, IT, and IIT: 

Such a synthesis must be very rare, for it is seldom found, and it must 
occur only when the acetic acid group is protected from decarboxylation. Fischer 





TURNER: THEORY OF PORPHYRINOGENESIS 327 


and Hofmann,”* and Fischer and Miiller?® have shown that pyrrols of the type 
under discussion are unstable, losing carbon dioxide spontaneously at room 
temperatures. 

The formation of an homologous trimethyl, tripropionie acid tripyrryl- 
methane might explain the formation of the ecoproporphyrins. 
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Figure VY 


However, the predominance of protoporphyrin as the apex of pyrrol me- 
tabolism indicates strongly that the extent of formation of pyrrol III must be 
large. The formation of protoporphyrin 2 and protoporphyrin 9 may then be 
accounted for by the intermediate formation and decomposition of a tripyrry]- 
methane according to the course indicated in Fig. VI. 

In this theory, as well as in Dobriner’s, there is expected the formation of 
some type II porphyrin (protoporphyrin 5). If the theory is correct, this will 
be found, unless there is some purely chemical reason, possibly associated with 
substituents on the 1 or 4 positions of the pyrrol rings, which would preclude it. 
It is, of course, likely that porphyrins are not formed without the action of 
enzymes, but of them nothing is known at present. However, the fact that uro- 
and coproporphyrins almost universally occur as their zine complexes® 2! 3% #1 
suggests that this metal may play a part in their formation. 

Concerning the source of the proposed pyrrol I there is little to be said. 
Certainly it cannot arise from chlorophyll or any of its derivatives. Here it 
may be pointed out that there is no reason to believe that chlorophyll plays any. 
part in the formation of animal porphyrins. Among the amino acids only 
tryptophan could conceivably be a precursor of pyrrol I, and this would require 
the improbable but possible opening of the 6-membered ring. This might occur 
by an oxidative scheme, such as is known with tyrosine and with quinone 
(Fig. VIT). 

However, as has been pointed out by Thomas,** there is no good evidence 
that tryptophan is essential in the formation of hemoglobin. Indeed, the work 
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of Fischer and his students, investigating the production of coproporphyrin by 
yeast,** and the study of Thomas*? with the Harder’s glands of rats as an indi- 
eator of protoporphyrin production, point to the probability that carbohydrate 
and simple amine metabolism is closely related to porphyrinogenesis. 
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Finally, we may briefly consider the site of porphyrin formation. The 
rediscovery of cytochrome by Keilin in 1925, and the simultaneous demonstration 
of coproporphyrin synthesis by yeasts, reported by Fischer and his associates,** 
has been corroborated many times®” * over. It is now plain that every unicellu- 
lar organism is capable of forming its own porphyrins, and there is considerable 
evidence that this is indeed a general as well as an ancient cellular function. 
This formation appears to be characteristic of growing cells, so that in an adult 
animal the formation of porphyrins due to the majority of cells is probably 
slight. In view of the great activity of the erythropoietic system in the forma- 
tion of hemoglobin, it is here that the evidences for cellular porphyrinogenesis 
must be sought. Indeed, it is here that the most straightforward evidence is 
found. Repeatedly, fluorescence characteristic of the three types of porphyrins 
has been observed in erythroblasts, gradually fading as the addition of iron and 
protein dampened it.*: 1* *® However, in porphyria, the frequent demonstration 
of zine uroporphyrin,*' as well as of other porphyrins* '* ** in the peripheral 
portion of liver lobules, suggests the possibility that in this condition cells other 
than erythropoietic may be active in porphyrinogenesis. 


SUMMARY 


A theory of porphyrinogenesis is proposed, based upon the postulated origi- 
nal formation of a 2-acetic acid, 3-propionic acid pyrrol, the products of which, 
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by passing through an aldehyde synthesis over a tripyrrylmethane, may form 
protoporphyrins 2 and 9, coproporphyrins I and III, and uroporphyrins I and 
III. The nature of the fundamental disturbance of metabolism in porphyria is 
suggested. The sources and-sites of porphyrin formation are discussed. 
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cent, respectively, was found in the livers of two dogs studied, and an aver- 
age of 50 per cent in the livers of rabbits. Histologic examination of the 
liver tissue, and marked changes in the composition of the bile, especially of 
the bile pigment exereted by the dogs under observation, led these authors 
to conclude that intravenous injections of gum acacia were likely to cause 
marked liver damage. In the same contribution they reported a fatal clinical 
ease of nephrosis in which this form of therapy had been employed and in 
which 43 per cent of the injected acacia was found in the liver. The liver 
cells presented the same characteristic vacuolated appearance noted in the 
liver cells of the experimental animals. 

In the following year Dick, Warweg, and Andersch? extended ‘these 
clinical and experimental observations and concluded that the intravenous 
use of gum acacia in patients with nephrosis was likely to be attended with 
harmful effects. 

In 1937 Studdiford*® called attention to the extreme danger of employ- 
ing intravenous injections of gum acacia in patients with already damaged 
livers, such as are likely to be found in the toxemias of pregnancy and similar 
disorders. This form of therapy, he pointed out, might interfere with the 
gaseous exchanges of the red blood cells, and if carried to a marked degree, 
might produce severe or fatal anoxemia, especially if faulty solutions were 
employed. He also produced evidence to show that such solutions might 
eause ‘‘conglutination of the red cells, with resultant capillary blockage 
followed by edema and hemorrhage.’’ 

The purpose of the present contribution is ouiiie to study liver fune- 
tion by various tests after the experimental intravenous injection of acacia, 
and to observe the possible effects of this method of treatment on the produc- 
tion of immune bodies. The general procedures employed in the handling 
of the experimental animals and the injection of the gum acacia, together 
with the methods of analysis used for acacia, are set forth in detail by 
Anderseh and Gibson.? 


STUDIES IN LIVER FUNCTION 


Glucose and Galactose Tolerance Tests——Glucose and galactose tolerance 
tests were performed on normal dogs after they had fasted eighteen hours or 
more. Blood for a control sugar determination* was taken from the marginal 
vein of the ear, and other samples were taken every half hour for a two- 
hour period following the administration by stomach tube of 1.5 Gm. of 
sugar per kilogram of body weight (Table I). The blood galactose,®> as well 
as the total sugar, was determined subsequently in two more dogs in the 
course of the galactose tolerance tests. All the dogs were then given from 
three to seven intravenous injections of gum acacia (totaling 4.4 to 10.7 Gm. 
per kilogram of body weight) over periods varying from three days to four 
weeks. Several days after the last acacia injection the glucose and galactose 
tolerance tests were repeated. 

The control glucose curves obtained in this study are similar to those 
obtained by Bodansky® after the oral administration of sugar, and by Soskin, 
Allweiss, and Cohn’ after its intravenous administration. The curves ob- 
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tained after the injections of acacia apparently correspond with the glucose 
tolerance curves obtained by Soskin and Mirsky® in severe liver intoxications. 

The galactose blood clearance controls agree with the curves obtained 
on normal dogs by Bodansky.6 A marked diminution in galactose tolerance 
was observed after the injection of acacia. 


TABLE I 


EFFECT OF INTRAVENOUS INJECTIONS OF ACACIA UPON TOLERANCE OF DOGS 
TO GLUCOSE AND GALACTOSE 








GLUCOSE TOLERANCE GALACTOSE TOLERANCE 
ACACIA BLOOD SUGAR AT HALF HOURS BLOOD SUGAR AT HALF HOURS 
TOTAL MG. PER CENT OF GLUCOSE MG. PER CENT AS GLUCOSE 


GM-/KG. |] 0.5) 1.0] 1.5] 2.0] 25/30 | 0.0) 05| 1.0) 15) 20/251 30 











0 ‘100 | 147 |107 81 921157 | 145/131 | 129 
4.4 120 | 157 | 157 | 140] 98 98 | 200 | 236 |212 | 162 


81 | 118/107 | 82) 79 81] 162 | 165 | 192 | 173 
69 | 165/179 | 188] 79 90 | 131 | 189} 231 | 175 
50 | 150}122 |} 80] 78 87 |135 | 122] 96) 85 
80 | 170/147 | 90} 95 90 | 142 | 186 | 157 | 102 
179 31 90] 74 120 | 167 | 212 | 150 | 142 
217 165 | 96 102 | 192 | 226/212 | 167 


79 | 167 | 186 | 159 | 129 
86 | 186 | 226 | 182 | 138 









































GALACTOSE TOLERANCE 
BLOOD SUGAR AT HALF HOURS 
MG. PER CENT OF GALACTOSE 
0 | 80*|112 | 100] 68 80 | 143 | 170 | 156 | 139 
8.5 59 | 73 | 97} 81) 45 90 | 142 | 155} 172 | 138 | 125 


11 0 71*| 91 | 122)109 | 31 91 | 154 | 167 200 183 | 107 
6.8 101 (161 | 164/151 | 66 | 35 85 | 160 | 221 | 225 | 223 | 133 | 113 


*The total sugar values obtained in these tests are reported on the same line on the right 
side of the table. 

















Tetraiodophenolphthalein and Bilirubin Tests—Dogs were tested by a 
modification of the sodium tetraiodophenolphthalein liver function procedure 
of Graham.’ Ninety seconds after the injection into the jugular vein of 25 
mg. per kilogram body weight of tetraiodophenolphthalein (isoiodeikon), a 
sample of blood was withdrawn from the vein on the opposite side and oxa- 
lated. Additional samples of blood were obtained fifteen, thirty, and sixty 
minutes later. One ecubie centimeter of plasma from each specimen was 
made alkaline with 2 drops of 10 per cent sodium hydroxide, 10 ¢.c. of ethyl 
aleohol were added, the contents of each tube were mixed, placed in the ice- 
box overnight, and centrifuged in the morning. The test of the first blood 
sample was used as a standard for the colorimetric determination of the dye 
in the subsequent specimens. 

Observations on four dogs revealed no significant changes in the 
ability of the liver to exerete the dye before and after injections of gum 
acacia; in two other dogs there was apparently a slight reduction. 


For the bilirubin test the method suggested by Soffer’® was employed. 
One milligram of bilirubin per kilogram of body weight was given intra- 
venously to two normal dogs and to two dogs which had had had intravenous 
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injections of acacia (Table II). Samples of blood were withdrawn before 
injection of the pigment, and again five minutes and four hours afterward. 
The plasma bilirubin in the specimens was determined quantitatively by 
the Gibson and Goodrich" modification of the van den Bergh procedure. 
The Soffer method, which was suggested for clinical use, gave a rather 
low degree of bilirubinemia. We therefore repeated the test, using the 
procedure suggested by Dragstedt and Mills.'2 Ten milligrams of bili- 
rubin per kilogram of body weight were injected intravenously, and blood 
samples were withdrawn before the injection, and five minutes, thirty min- 
utes, one hour, and two hours afterward. In none of the four dogs used 
was there any alteration in the rate of removal of the injected bilirubin. 


TABLE II 


BILIRUBIN LIVER FUNCTION TEST ON NORMAL Dogs AND Dogs AFTER ACACIA INJECTIONS 








WEIGHT 
(K@.) 


ACACIA 
INJECTED 
(GM.) 


BILIRUBIN 
INJECTED 
(MG.) 


VAN 


DEN BERGH—MG. 


BILIRUBIN 





TIME IN MINUTES 





0 


30 


60 


120 





0 
96.6 
67.5 

0 
96.6 

0 

0 
41.4 

0 


10.0 
8.7 
8.0 
9.2 

87.0 

92.0 

55.0 


0.2 
0.6 
0.5 
0.3 
0.2 
0.3 
0.2 
iz 
0.8 
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TABLE III 


EFFECT OF INTRAVENOUS ACACIA INJECTIONS ON PLASMA PROTEIN LEVEL 








PLASMA PROTEIN IN GRAMS PER CENT 
WEIGHT TOTAL 
ALBUMIN GLOBULIN FIBRINOGEN REMARKS 
( KG.) PROTEIN 
BEFORE | AFTER | BEFORE | AFTER | BEFORE | AFTER | BEFORE | AFTER 
9.7 2.94 2.54 1.66 | 1.86 0.388 | 0.14 4.98 | 4.54 |82.5 Gm. acacia 
blood drawn 4 
days after last 
acacia injection 














67.5 Gm. acacin 
blood drawn 3 
days after last 
acacia injection 


96.6 Gm. acacia 
blood drawn 4 
days after last 
acacia injection 


67.5 Gm. acacia 
blood drawn 5 
days after last 
acacia injection 



































*This sample of blood was drawn a few minutes after the first acacia injection. 


Plasma Protein Determinations—Plasma protein determinations were 
made by the colorimetric method of Andersch and Gibson, modified by 
washing the fibrinogen precipitate and substituting the tyrosine factors 
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of Greenberg and Mirolubova"™ in the calculation. Observations were made 
before, during, and after the intravenous injection of acacia (Table IV). 
Albumin-globulin ratios on three dogs were 1.11, 0.92, and 1.24, respectively, 
before the injections, and 1.36, 0.82, and 1.56, respectively, after the injec- 
tions. Finbrinogen was markedly reduced. In one dog it fell to 0.04. In 
another it fell to 0.14 and rose only to 0.25 per cent twenty-one days after 
the last acacia injection had been given. These values are to be compared 
with the average normal of 0.389 per cent set up by Foster and Whipple,’ 
who consider the possible normal range from 0.306 to 0.506. 


TABLE IV 


EFFECTS OF INTRAVENOUS INJECTIONS OF ACACIA ON CERTAIN PROPERTIES OF THE BLOOD 








DOG 2 Dog 4 bog 5 Doe 6 
BEFORE | AFTER | BEFORE | AFTER | BEFORE | AFTER | BEFORE | AFTER 
Bleeding time (minutes) .f 10.5 4.5 6.0 3. 5.0 5.5 4.0 
Coagulation time 

(minutes ) 

Capillary 3. 2.5 2.5 3.0 3. 3.0 2.0 7.0 
Venous : 3.0 os 5.0 3. 4.5 4.0 9.0 
Fragility (per cent NaCl) 4- 0.32-|; 0.32- 0.38- .36- 0.36- | 0.28- 0.40- 
: 0.46 | 0.44 0.48 0.48 0.46 0.50 
Platelets (per cent) § 0.24 | 1.45 1.26 83 1.90 0.31 1.43 
Hematocrit (per cent) 53.5 46.0 37.0 38.0 45.5 49.8 33.2 
Hemoglobin—Newcomer 13; 11.3 9.4 9.3 10.4 12.1 11.3 

(grams) 
Reticulocytes (per cent) y 0.4 0.4 1.2 0.5 








2 0.6 


























1 
Clot retractility (4 hours)| 2+ No elot} 44 44 4+ 4+ 44+ a+ 





Hematologic Studies—Because of the demonstrated low plasma fibrinogen 
values after the administration of acacia, as well as the possibility of changes in 
other factors essential in blood clotting, several hematologic tests ordinarily 
used in blood dyserasias were employed (Table IV). The methods are de- 
scribed in detail by Baldridge and Fowler.’* Some difficulty was encountered in 
determinations of the bleeding time because of the unequal vascularity of dif- 
ferent portions of the dog’s ear, as well as the tendency toward mechanical 
closing of the stab wound on account of the thick skin. Variation in the sedi- 
mentation rates of the platelets and erythrocytes also interfered with the platelet 
determination, which was done by the thrombocytocrit method of Van Allen. 

In spite of these difficulties, it was possible to show that the injection of 
acacia led to a prolongation of the bleeding time in three or four dogs studied. 
The blood of one dog, drawn for a study of clot retraction, failed to coagulate 
in four hours. The clot formed from the blood of another dog was a fragile, 
fibrinous network which completely failed to enmesh the red blood cells. The 
other tests, except for a definite decrease in hemoglobin in all the dogs observed, 
were not consistent or significant. 


DISCUSSION 


It is quite generally accepted at this time that the liver is concerned in de- 
termining the degree of glucose tolerance, provided that the insulin supply of 
the animal is not impaired.’ The blood glucose curves obtained after the in- 
jection of acacia obviously seem to indicate diminished tolerance. Galactose is 
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almost specifically utilized by the liver. The galactose curves are more decisive, 
and the diminution of galactose tolerance noted after the injection of acacia 
undoubtedly indicates liver damage. The impairment of glycogenie function 
after acacia injection is also borne out by post-mortem observations on liver 
glycogen made on three dogs. The livers contained respectively 6.6, 7.7, and 
6.9 per cent of glycogen, an average of 7.1 per cent against the normal value of 
15 per cent to be expected in dogs fed, as these were, a high carbohydrate diet. 
Bollman and Mann’® have observed that dogs with 80 per cent of the liver re- 
moved are still able to take care normally of glucose and galactose. 

The figures which Soffer’? gives in an extensive review (including his. own 
work) show that an abnormal retention of bilirubin is more closely correlated 
with the degree of liver damage than are the bromsulphalein or the levulose 
tolerance tests of liver function. We found no significant alteration in the 
rate of removal of injected bilirubin before and after the injection of gum 
acacia, and only a slight variation in two dogs in the excretion of tetraiodo- 
phenolphthalein. It seems logical to conclude, therefore, that this special fune- 
tion of the liver is not affected by the injection of acacia. 


The experimental studies of Whipple and his co-workers'®?! point to the 
liver as the source of serum albumin and globulin. A number of studies by 
others??-** are concerned with the effect of severe liver disease on the plasma 
proteins, particularly papers by Snell?° and by Myers and Keefer.*® These 
bear out Snell’s conclusion that in advanced chronic hepatic lesions there is ‘‘a 
moderate reduction in the total serum proteins, the diminution occurring chiefly 
in the albumin fraction.’’ Dick, Warweg, and Andersch? have shown that re- 
peated injections of acacia in children with nephrosis resulted in a reduction of 
blood serum protein, chiefly albumin. They also found that daily injections of 
acacia into dogs caused a sharp drop in‘the serum albumin and a less marked 
fall in the globulin, both values returning to normal when the injections were 
discontinued. Our own observations are in accord with these results, as are the 
more recent studies of Heckel and his associates.?’ 

Foster and Whipple** have shown that fibrinogen is formed exclusively by 
the liver. Low values may be found in hepatic disease, though the picture may 
be complicated by the stimulating effects of infection on fibrinogen production. 
The effect on fibrinogen levels of various clinical and experimental conditions 
involving the liver has been reviewed by Starlinger and Winands”® and by Ham 
and Curtis.*°° It may be said that completé extirpation of the liver in dogs** and 
in rabbits®? results in a rapid fall in plasma fibrinogen, in some experiments 
amounting to 50 per cent in twenty-four hours; removal of as much as 70 per 
cent of hepatic tissue, on the other hand, has no effect on the fibrinogen level. 

Foster and Whipple,** who found lowered blood fibrin values after the 
injection of acacia, ascribed the reduction to dilution of the blood. The possible 
influence of gum-saline solutions on blood coagulation is mentioned by Takata** 
and others. Dieckmann,** who tried gum acacia injections in the treatment of 
eclampsia, specifically warns that this form of therapy may cause a pronounced 
drop in blood fibrin. The decrease in hemoglobin, the increased bleeding time, 
and the low fibrinogen values noted in our experimental animals after the injec- 
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tion of gum acacia are undoubtedly significant and would seem to indicate a 
rather severe degree of liver damage. Additional confirmation is found in the 
death of one dog from a postoperative hemorrhage after several injections of 
gum acacia. 


EFFECT OF COLLOIDS ON THE PRODUCTION OF IMMUNE BODIES 


The injection of various colloids has been shown to result in a marked re- 
duction in the ability of the animal to produce immune bodies.** These studies 
have led to an association of the reticulo-endothelial system with antibody pro- 
duction. However, the hepatic cells of the liver have never been definitely ex- 
cluded from a role in antibody formation. The plasma proteins which carry the 
antibodies of the blood have their origin in the liver, and the ability of the 
organism to produce these proteins is impaired by the acacia which is deposited 
in the hepatic cells. Acacia itself is at most only a very mild antigen.*” ** 

In order to determine the effect of acacia injections upon the ability of the 
dog to produce immune bodies, five animals, of approximately equal weight, 
were used. Three of them (Nos. 2, 5, and 6) had had intravenous gum injections 
and had been tested by various liver function tests (Tables I, III, and IV). The 
other two (Nos. 3 and 7) were used as controls. 

Two antigens were used. The first was a 5 per cent suspension of pooled 
washed human erythrocytes. The second was a vaccine of Vibrio cholera made 
from whole and ground organisms which had been killed by phenyl mercuric 
nitrate, 0.12 per cent; the cholera was strain No. 23 of the American Type 
Culture Collection. Five cubie centimeters of the suspension of human red 
blood cells were injected intravenously every three days until five injections 
had been given; 0.1 ¢.e. of the cholera vaccine was injected intravenously with 
the erythrocyte suspension for three days, and 0.2 ¢.c. for the last two days. 
Eight days after the final injection of the antigens the animals were bled and 
the titer of agglutinins, precipitins, and bacteriolysins or hemolysins was de- 
termined. Samples of blood drawn before immunization were also checked for 
the presence of antibodies. 

The presence of cytolysins for Vibrio cholera could not be demonstrated in 
either the normal or the immune sera. Hemolysin titrations were not very satis- 
factory, and the titers produced were low. Differences between the titers of anti- 
body produced by normal dogs and those receiving acacia were not significant, 
and the data all indicate that gum acacia has no effect upon the production of 
immune bodies (Table V). This lack of effect is in marked contrast to the re- 
duction of antibody formation likely to result when colloids which definitely 
block the reticulo-endothelial system are injected. 


SUMMARY AND CONCLUSIONS 


1. Repeated intravenous injections of gum acacia solution in dogs resulted 
in evident damage for carbohydrate and serum protein metabolism functions of 
the liver, as evidenced by changes in the glucose and galactose blood sugar tol- 
erance curves and determination of the plasma proteins. 

2. The blood clearance of injected tetraiodophenolphthalein and bilirubin 
was not significantly affected, 
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3. An alteration in the clotting mechanism of the blood was noted after 
acacia injections, the fall in fibrinogen content being particularly marked. The 
bleeding time was prolonged, and the formation of small, fragile fibrous clots 
clearly indicated a defect presumably associated with the lowered fibrinogen 
content. 

4. The production of agglutinin, hemolysin, bacteriolysin, and precipitin 
was not influenced by acacia administration. There was neither an effect on 
the hepatic cells nor was there a blocking of the reticulo-endothelial system as 
produced by certain colloidal substances. 


We are grateful to the Eli Lilly Co. for donating part of the ampoules of acacia which were 
used in these experiments. 
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BLOOD SERUM MAGNESIUM IN BRONCHIAL ASTHMA AND ITS 
TREATMENT BY THE ADMINISTRATION OF 
MAGNESIUM SULFATE* 


Victor G. Haury, M.D., PHILADELPHIA, Pa. 


NUMBER of investigators have recently shown that magnesium salts will 

protect animals against anaphylactic shock. Delbet and Palios’ have found 
that a sensitized guinea pig may be protected against the provocative injection 
of the specific antigen by parenteral injections of magnesium salts. Lumiére 
and Monchal? have also found that sensitized rabbits may be protected by one 
or more daily injections of 0.1 Gm. per kg. of magnesium thiosulfate. They 
observed that such injections of the thiosulfate produced a 50 to 100 per cent 
increase in blood cholesterol and concluded that the antishoek action of this 
salt was due entirely to the cholesterolemia it produced. I* have observed, 
however, that if the serum magnesium of sensitized guinea pigs is increased 
to about 8 mg. per 100 ¢.c. immediately before the provocative injection of the 
antigen is made, anaphylactic shock may be prevented. This would seem to 
indicate that hypermagnesemia rather than a cholesterolemia is the protective 
agent. If hypermagnesemia will prevent anaphylactic shock, we may hypothe- 
size that hypomagnesemia may make one more sensitive to, or even incite an 
anaphylactic reaction. 

The similarity between the bronchial spasms in anaphylactic shock and 
bronchial asthma is now generally conceded. The possibility that a hypo- 
magnesemia may be an etiologic factor in bronchial asthma naturally suggested 
itself. The findings of Rosella and Pla* that intravenous injection of mag- 
nesium sulfate relieved a case of asthma which was unaffected by the common 
remedial agents, adds an additional premise to this theory. 

The present investigation was undertaken to determine, if possible, if 
patients suffering from bronchial asthma have a concomitant hypomagnesemia. 


METHOD 
Sixty-six asthmatie patients were chosen at random as admitted to the 
: ] 
Allergy Clinie and the Medical Wards of the Jefferson College Hospital.t 


About 10 ¢.c. of blood were collected from each patient from the median 
basilie vein. Serum magnesium determinations were made by the Titan yellow 


method deseribed elsewhere.’ In the hospitalized patients a series of determi- 


*From the Department of Pharmacology, Jefferson Medical College, Philadelphia. 

This investigation was made possible through a grant from Parke, Davis & Co. to 
Jefferson Medical College for research in science. 

Received for publication, October 27, 1939. 


+I wish to thank Doctors J. A. Clark and H. A. Reimann, Chiefs of the Allergy and 
Medical Services, respectively, of the Jefferson College Hospital, for their cooperation in making 
this investigation possible. 
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nations were made at daily intervals. The serum magnesium values of 40 
normal medical students were previously ascertained. As the ingestion of 
food has very little influence on the concentration of serum magnesium, no 
effort was made to obtain blood at any specified period in relation to meals. 
All determinations were made in duplicate. 


RESULTS 


Normal Persons.—Forty determinations were made, using blood obtained 
from students in the medical school. The values obtained varied between 1.74 
and 3.10 mg. per 100 ¢.c. serum, with a mean value of 2.33 mg. These figures 
are in accordance with those found by Becher,® Bomskov,’ Wacker and Fahrig,® 
Walker and Walker,® and Hirschfelder and myself.’° 

Serum magnesium values below 1.7 mg. per 100 ¢.c. serum are, therefore, 
considered as being definitely below normal. Values above 3.1 mg. are con- 
sidered as being high. 

Asthmatic Subjects—The serum magnesium of the 66 individuals suffering 
from bronchial asthma varied between 1.1 and 3.15 mg. per 100 ¢.¢., with a 
mean value of 2.13 mg. Of the entire group of 66 individuals 16 (24.2 per 
cent) had a low serum magnesium, varying from 1.1 to 1.7 mg. per 100 e.c., 
with a mean value of 1.52 mg. Twenty-six of the patients examined were 
suffering an acute attack of asthma at the time the blood samples were taken. 
In these the serum magnesium values varied between 1.1 and 3.1 mg per 
100 ¢.c., with a mean value of 1.82. The remaining 40 individuals were free 
of asthma at the time the blood was analyzed. In these the mean magnesium 
value was 2.32 mg. per 100 ¢.c. serum (see Table I). 

Upon further analysis of the data, one finds that of the 26 patients having 
acute asthmatic spasms, 13 (50 per cent) had a concomitant hypomagnesemia. 
In this latter group the serum magnesium varied between 1.10 and 1.70 mg., 
with a mean of 1.50 mg. per 100 ¢c.c. The serum magnesium of the 13 remaining 
cases was entirely within normal range. 

The Effect of Injections of Magnesium Sulfate-—Two patients suffering 
from severe asthma were treated with intravenous and intramuscular injections 
of magnesium sulfate. The results obtained were essentially the same as those 
reported by Rosella and Pia.‘ 

Two white male patients, aged 39 and 56 years, respectively, hospitalized 
at the Jefferson Medical College Hospital, were suffering with acute bronchial 
asthma. Both patients had a low serum magnesium, averaging 1.53 and 1.60 
mg. per 100 e.c., respectively, over a four-day period. Epinephrine adminis- 
tration was required every four to six hours, but on several occasions this drug 
was ineffective. This form of treatment was discontinued, and at the height 
of the asthmatic paroxysms 20 e.e. of 10 per cent magnesium sulfate were 
injected slowly intravenously and 4 c.c. of the 50 per cent solution were given 
deep intramuscularly. Both patients were relieved immediately and remained 
free of asthma for eighteen and twenty-eight hours, respectively. Following 
the reappearance of the bronchial spasms, epinephrine therapy was again in- 
stituted, requiring as before, an injection every four to six hours. 
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BLOOD SERUM MAGNESIUM IN BRONCHIAL ASTHMA 


DISCUSSION 


The majority of patients examined did not have any attacks of asthma 
for a period of from one day to more than three months previous to the time 
the blood was examined. It is to be expected, therefore, that normal values 
should be found in these cases. It seems significant, however, that one-half of 
the cases examined during acute attacks of asthma should be found to have a 
definite hypomagnesemia. It appears even more significant that of the 16 
individuals having a low serum magnesium, 13 should be suffering from an 
acute attack of asthma. The degree of hypomagnesemia, however, was not in 
proportion to the severity of the attacks. Patients S.R. and C. P. with rela- 
tively mild asthma were found to have magnesium values of 1.20 and 1.35 mg. 
per 100 ¢.c. serum, respectively. Patients E.S. and J.Q., on the other hand, 
suffered severe and persistent attacks, although the magnesium content of 
their blood was 1.53 and 1.60, respectively. Three individuals with a hypo- 
magnesemia did not have any attacks for 2, 6, and 21 days, respectively. 


That 50 per cent of the patients having acute attacks of asthma should 
have a low serum magnesium indicates that a hypomagnesemia and bronchial 
asthma may have some relationship. It appears quite plausible, at least in 
some cases, that a deficiency of this ion may upset the neuromuscular mecha- 
nism to such an extent as to make certain individuals more susceptible to 
bronchial spasms. It has been conclusively shown by Kruse and his collabora- 
tors’? '? and others'*-** that such an ionic deficiency manifests itself chiefly by 
muscular spasms and convulsions. We must remain cognizant, however, of 
the possibility that the hypomagnesemia may be the result of the bronchial 
asthma. 


Of equal importance is the fact that 50 per cent of the patients examined 
during attacks of asthma had normal serum magnesium. This means that a 
hypomagnesemia is by no means an essential etiologic factor. At present we 
may conclude that a disturbance in magnesium metabolism may be a con- 
tributing factor in a certain percentage of patients suffering from bronchial 
asthma. Further investigations in this direction should prove most interesting. 


SUMMARY 


1. The serum magnesium of 40 normal medical students varied between 
1.74 and 3.10 mg. per 100 ¢.c., with a mean yalue of 2.33 mg. 


2. The blood sera of 66 patients suffering with bronchial asthma were 
analyzed for their magnesium content with an analysis of the results. 


3. The treatment of two patients with parenteral injections of magnesium 
sulfate is reported. 
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SODIUM AND POTASSIUM STUDIES IN PERSONS WITH AND 
WITHOUT ARTERIAL HYPERTENSION* 


Dupb.LrEy W. BENNETT, M.D., San FRANCISCO, CALIF. 
b] ’ 


HE relation of sodium and potassium to arterial blood pressure has not been 

studied extensively. It is, of course, well known that in adrenal cortical 
insufficiency (Addison’s disease) hypotension and a low serum sodium and a high 
serum potassium occur; and conversely, in the hyperadrenal-cortical state the 
opposite is observed, namely, hypertension and a high serum sodium and low 
serum potassium.':? There is, however, no evidence to show that the altered 
sodium and potassium levels are directly related to the altered state of the blood 
pressure. Furthermore, MecCance* has pointed out that the findings of a low 
serum sodium associated with a high blood pressure are quite common in inter- 
stitial nephritis. 

The following study has been carried out to determine, if possible, whether 
the subject with arterial hypertensive disease might reveal some evidence of a 
disturbance in sodium and potassium metabolism when these two elements were 
drastically restricted in the diet. 

A group of five male subjects was placed on a diet low in sodium and 
potassium content. Three of the subjects studied (J. L. B., aged 70 years; J. F. 
W., aged 58 years; and W. L. S., aged 28 years) had had definite elevation of 
systolic and diastolic blood pressures of from one to twelve years’ duration, with 


*From the Department of Medicine, University of California Medical School, San Francisco. 
Received for publication, November 2, 1939. 
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or without evidence of renal disease but without evidence of abnormal retention 
of fluid. None of the subjects gave evidence of nitrogen retention in the blood. 

The two persons in the control group (W. Y. B., aged 21 years and J. A. N., 
aged 24 years) had normal blood pressure readings and no evidence of fluid re- 
tention. W. Y. B. had an anxiety neurosis, and had had before the study was 
undertaken a systolic blood pressure reading as high as 150. His diastolic blood 
pressure was at all times within normal limits. Immediately before and during 
the study his systolic blood pressure was within normal limits. 

All patients were confined to the hospital for observation for periods of 
from two to fifteen days before the study was begun. During the study their 
physical activities were restricted to such exercise as walking about the ward. 
At no time was abnormal sweating present. The environmental temperature was 
fairly constant, maintained at approximately 22° C. During a preliminary 
period of twenty-four hours, the fluid intake, urinary output, blood pressure, and 
body weight were determined. At the end of this period venous blood was ob- 
tained after the patient had been fasting for fourteen hours, for determination 
of the serum sodium, potassium, and protein; the plasma nonprotein nitrogen ; 
and the blood sugar, chlorides, and carbon dioxide (see Table II and Chart 1). 

The subjects were then given a special diet, which had been prepared under 
the supervision of Miss A. Huesman, of the Dietetic Department of the Uni- 
versity of California Hospital. 


SPECIAL MIXTURE* 

Daily portion: 

125 Gm. of dry uncooked white rice 
125 Gm. of washed cottage cheese 
10 Gm. of pure glucose 

Method of preparation: 

Wash rice thoroughly; drain. Mix rice with 114 quarts of distilled water. Place in 
heavy kettle over direct heat. Boil for twenty minutes; drain in sieve. Mix rice that has 
been drained with 1 quart of distilled water and boil for ten minutes. Drain. Repeat last 
process and drain. 

Purée commercially prepared cottage cheese through very fine strainer. Place in 
cheesecloth bag. Wash in 2 quarts tap water, kneading thoroughly; drain. Repeat process 
eight times. Repeat ninth time using distilled water. Drain overnight. Weigh 125 Gm. 
of washed cottage cheese. 

Mix together cooked rice, washed cottage cheese, and glucose that has been dissolved 
in % eup distilled water. To this mixture add distilled water until the total weight of 
mixture equals 810 Gm. 

Food value: 

Protein 25 Gm. 
Fat Gm. 
Carbohydrate 113 Gm. 
Total number of calories 610 


A sample of each batch of food so prepared was analyzed for the sodium 
and potassium content (see Chart 1). . 

The fluid intake, exclusive of the diet described above, was limited to 1,000 
¢.c. of distilled water in twenty-four hours. It was found that this amount of 


*A sufficient amount of food for each subject was made at one time for the duration of 
the test. 
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fluid satisfied the thirst requirement while taking the diet. Occasionally a patient 
would take even less than the amount permitted (see Table I). 


All the determinations of sodium and potassium were made, using the 
method described by Butler and Tuthill* for the sodium, and that described by 
Shohl and Bennett®> for the potassium with the modifications suggested by 


Strauss.°® 


The urine sodium determinations were made as described by Butler 


and Tuthill* without modifications in technique. The other specimens for sodium 
and potassium determinations were first dried on a hot plate and then ashed 


in a muffle furnace at 600° C. for approximately eight hours. 
the specimens, care was exerted to maintain a uniform procedure. 


of hemolysis was observed in any serum specimens. 


TABLE I 


In collecting all 
No evidence 


Errect oF Low Sopium AND Potassium INTAKE ON BLOop PRESSURE, Bopy WEIGHT, FLUID 
BALANCE, AND URINE 











Blood pres- 
sure in mm. 


Hg 


Urine output 


c.c. 


Fluid intake 


c.c. 


(Exclusive of 


diet ) 


Body weight 


in kg. 


NORMAL 
FASTING 


24 HOURS 
LOW Na 
AND K 
REGIME 
FASTING 


48 HOURS 
LOW Na 
AND K 
REGIME 
FASTING 


72 HOURS 
LOW Na 
AND K 
REGIME 
FASTING 


96 HOURS 
LOW Na 
AND K 
REGIME + 

6 GM. Kcl 
FASTING 


120 HOURS 
LOW Na 
AND K 

REGIME + 

6 GM. Kcl 
FASTING 





4 i L. B. 

WwW. ¥. SB. 
J. F. W. 
W. L. S.* 
J. A. aN 


200/95 
140/80 
225/135 
125/95 
130/75 


180/80 
120/75 
215/125 
145/95 
125/70 


180/80 
130/70 
200/120 
135/90 
120/70 


180/85 
125/70 
195/120 
145/100 
130/70 


190/115 
120/85 
120/65 


190/115 
125/90 
125/70 





RE EF 
J. F. W. 
W. L. S. 
J. ALN. 


2 


11,355/1,000 
1,848/2,150 
1,800/1,490 
860/1,100 

$,845/5,550 


501/400 
1,368/1,000 
1,475/1,000 
1,165/900 

1,840/1,000 


3697400 
720/850 
1,447/1,000 
1,205/800 
545/1,000 


264/700 
1,297/1,000 
1,055/900 
850/800 
795/1,000 


587/650 
950/1,000 
530/1,000 


710/700 
1,267/1,000 
690/1,000 





A Fe Pipe 
wv. Y. 3. 
sas We 
WwW. LL. 8. 
J. A. N. 


67 

66.1 
58.4 
60.2 


69 


67 
14.7 

58.2 

59.4 


67 


66.8 
64.1 
57.4 
59 

66.3 


66.2 
63.1 
56.4 
58.4 
66 


56 
56.8 


65.3 





Urine pH 


\ Pe PS 





Urine specific 


gravity 


WV.) Xu OS, 
J. F. W. 
W. L. S. 
\J. A. N. 





-/1.014 
-/1.016 
5.25/1.012 
6.5/1.023 
6.75/1.008 





-/1.029 
-/1.014 
5.25/1.012 
9.25/1.014 
7.0/1.013 





-/1.028 

5.9/1.020 
5.2/1.011 
6.2/1.011 





5.25/1.028 





-/1.022 
5.9/1.013 
5.25/1.014 
5.25/1.014 
5.25/1.023 








5.9/1.019 
5.38/1.017 
5.75/1.024 





*Blood pressure readings of W. L. S. were found to be as high as 200/135 several weeks 


before the study. 


study was begun. 


He was confined to the hospital for fifteen days for observation before the 


All other chemical determinations on the blood serum and plasma were made 
by Mrs. T. Leake of the Central Laboratory of the University of California 


Hospital. 


In each instance, the low sodium and potassium intake was continued 


for three days. During this time daily specimens of blood were obtained for 
determination of the sodium and potassium content of the serum when the in- 
dividual had been fasting for fourteen hours. All urine excreted was collected 
in twenty-four-hour lots and was measured for amount, specific gravity, and 
pH (Table 1). The twenty-four-hour output of sodium and potassium excreted 
in the urine was determined (Chart 2). The blood pressure and the body weight 
were likewise determined daily when the subject had been fasting (Table I). At 
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the end of the three-day period all the chemical determinations of the blood 
serum and plasma were repeated (Table II). 

Three persons (J. F. W., W. L. S., and J. A. N.) were continued on the same 
diet and fluid intake but with the additional administration of 6 Gm. of potas- 
sium chloride in enteric coated tablets for two days longer. 

Two other patients were studied in the same manner. The first was in the 
normal group and the second had a history of arterial hypertension of at least 
ten years’ duration but had normal blood pressure readings during the study. 
The results obtained in these persons are not reported in this paper because of 
incomplete data. Such data as were obtained, however, in both persons were 
similar to those obtained in other normal persons. 
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. Chart 1.—Blood serum level of sodium and potassium, normal and low sodium and potas- 
sium intake. 
24 HOUR INTAKE 
GM. Na GM. K 


.L.S. Essential hypertension (early) — 0.0149 0.0039 
aS Control — 0.0604 0.0210 
.F.W. Essential hypertension (late) —— Trace 0.0454 
kak, Essential hypertension (late) —— Trace 0.1831 
.A.N. Control — 0.1220 0.04618 








It was fully appreciated that the methods utilized in this study to restrict 
the intake of sodium and potassium were inadequate as far as normal diet re- 
quirements are concerned, and that the duration of the experiment was of a 
comparatively short period of time. However, it was felt that the reaction of the 
individual to salt deprivation might be tested in a more satisfactory manner by 
drastic restriction of both sodium and potassium for a shorter time than by 
permitting the person to have a less restricted intake of these two elements over 
a longer period of time. To prolong the drastic limitation of sodium and potas- 
sium intake would lead to a state of marked salt deficiency. It was felt that 
such a salt-deficient state would introduce faults in metabolism sufficient to 
render the interpretation of data obtained more difficult. 

As mentioned above, no noticeable perspiration was present in any person 
during the experiment. No attempt, therefore, was made to measure or to 
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analyze the fluid lost in the perspiration or to provoke excessive loss of fluid by 
artificial means, as has been reported by McCance.* 

Tables I and II give data other than the sodium and potassium determina- 
tions. Charts 1 and 2 show in graphic form the fasting daily sodium and 
potassium blood serum levels and the daily excretion of sodium and potassium 
in the urine; they also give notation of the sodium and potassium intake in 
twenty-four hours. 
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Chart 2.—Excretion of sodium and potassium in the urine, normal and low sodium and potassium 
intake. 


DISCUSSION 


Although the serum sodium level fluctuated in each individual when the 
sodium and potassium were restricted drastically, this change was of a minor 
degree in all five curves. When the two curves for the normal controls are com- 
pared with those for the patients with hypertension, no definite difference is seen 
between the levels of blood serum sodium in normal persons and the levels in 
persons with arterial hypertension. 
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The levels of serum potassium, however, fell following deprivation of sodium 


‘and potassium. It should be noted that in patients with definite arterial hyper- 


tension (J. L. B., J. F. W., and W. L. S.) a greater drop occurred than in two 
normal persons (W. Y. B. and J. A. N.). One normal individual (J. A. N.) at 
first had a moderate drop in the potassium level followed by a rise to.above his 
normal level when sodium and potassium were restricted. 

Chart 2 shows that the urinary output of both sodium and potassium de- 
creased when these elements were restricted in the diet. 


Two of the three patients (J. F. W. and W. L. S., both having arterial 
hypertension) on whom the experiment was continued for an additional two 
days with the addition of 6 Gm. of potassium chloride daily, failed to regain 
during this period their normal fasting levels of blood serum potassium. The 
change in the blood serum sodium in this group was of a minor degree. The 
addition of potassium chloride caused a definite increase in the excretion of 
potassium in the urine, with very little change in the amounit of sodium excreted. 


It was considered that the fall in blood pressure was probably due to several 
factors, namely, restriction of food and fluid intake as well as-rest. Other data, 
such as fluid balance, body weight, and urinary pH shown in Table I, and serum 
protein, plasma chloride, sugar, and carbon dioxide combining power in Table 
II, showed only moderate variations and were considered to be of no great 
significance. It will be recalled that MecCance’ demonstrated very marked 
changes in such blood constituents as serum proteins, urea, chlorides, and sodium 
in his patients in whom he produced a sodium chloride deficiency. None of the 
persons reported in this paper complained of the symptoms reported by 
McCance, such as aberrations of flavor, cramps, weakness, and lassitude. It is 
quite safe to conclude from our data in Tables I and II that our patients were 
not in a salt-deficiency state. 

A rise was noted in the nonprotein nitrogen level of the blood plasma in all 
persons following sodium and potassium restriction. 

It is well known that potassium is held largely in the intracellular fluid 
and sodium is held in the extracellular fluid. It was found in this study that 
the potassium level of the blood serum falls when the intake of both sodium 
and potassium is restricted. The significance of the greater decrease in the 
serum level of potassium in the patients with arterial hypertension is not clearly 
understood at the present time. 


SUMMARY AND CONCLUSIONS 


In five male patients studied drastic restriction of sodium and potassium in 
the diet for a period of from three to five days produced no significant change 
in the blood serum level of sodium, but caused a drop in the blood serum level 
of potassium. This drop in the potassium level was of a greater magnitude in 
the three persons who had definite arterial hypertensive disease than in those 
who had normal blood pressure. 

The urinary excretion of both sodium and potassium decreased with restric- 
tion of these two elements in the diet. 
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Norte: Since the completion of the study here presented, my attention has been called 
to a paper by O. L. U. 8S. DeWesselow and W. A. R. Thomson entitled, ‘‘A Study of Some 
Serum Electrolytes in Hypertension,’’ in the Quart. J. Med. 8: 361, 1939: These authors 
pointed out that in their experiments the serum of patients suffering from essential and 
malignant hypertension tended to show a lower level of potassium than that of patients 
with a normal blood pressure on the same diet. 
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THE EFFECT OF IRON ON PHOSPHORUS, CALCIUM, AND NITROGEN 
METABOLISM* 


ADELAIDE P. Barer, PH.D., AND Wintuis M. Fowuer, M.D. 
Iowa Crry, Iowa 


HE administration of certain metals to experimental animals produces a low 
blood phosphorus and rickets. Both iron and aluminum,' when given in 
excess of the total phosphorus, were shown to precipitate the alimentary phos- 
phorus as insoluble phosphates which were not absorbed and consequently caused 
a lowering of the blood phosphorus in guinea pigs. When ferric chloride? was 
added to a nonrachitogenie diet, it rendered this same diet rachitogenic for rats 
and a low serum phosphorus resulted. It was found that iron and ammonium 
citrates exerted the same effect and reduced iron acted similarly. The rachi- 
togenie effect could be prevented by adding excess phosphorus to the diet. Deo- 
bald and Elvehjem’ pointed out that the addition of a soluble iron salt to the diet 
in chicks produced severe rickets within five days and that the lowering of the 
blood phosphorus to this: degree might affect other biologic processes as well as 
bone nutrition. The clinical implications from these animal experiments are 
obvious, and the possible harm resulting from the administration of large doses 
of iron during the period of growth-and development of a child has been sug- 
gested. Brock and Diamond? state that large doses of iron continued over a 
*From the Department of Internal Medicine, State University of Iowa, College of Medicine, 


Iowa City. 
Received for publication, December 28, 1939. 
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long period of time in childhood might have an effect similar to that observed in 
experimental animals, perhaps not by the actual production of rickets, but by 
evidences of malnutrition of the bones. Elvehjem‘* also warns of the danger 
of administering large amounts of iron and advises that the dose be kept at a 
minimum. With these points in mind balance studies were carried out on 19 
adults to ascertain the effect of iron administration on phosphorus, calcium, and 
nitrogen retention. 
METHOD 


The method of study was the same as that described in the first of a series 
of reports on iron balances. Sixteen patients with varying degrees of hypo- 
chromic anemia, either idiopathic in origin or secondary to hemorrhage, and 
3 control patients without anemia were selected for the study. The control 
period was preceded by a three-day adjustment period on the balance diet be- 
fore observations were begun. Each balance period was of six days’ dura- 
tion, and the results are reported as the average value per day. During the 
control period the iron intake was obtained from the diet alone. In subse- 
quent periods iron and ammonium citrates were given in varying amounts. 
Nitrogen was determined by the Kjeldahl method, phosphorus by the method 
of Fiske and Subbarow,® and iron by the method of Reis and Chakmakjian.’ 
Calcium determinations followed the method of MeCrudden.$ 


The diets contained 1 Gm. of protein per kilogram of body weight, and 
the dietary iron intake varied from 9 to 12 mg. a day. The phosphorus and 
calcium intake, de:‘ved exclusively from the food, was approximately 1.5 
and 1.3 Gm. a day, respectively. 


RESULTS 


A summary of the iron, phosphorus, calcium, and nitrogen balances for 
each patient is given by periods in Table I. The age of the patients, who 
were all females, varied from 21 to 53 years. An examination of the aver- 
age daily balances during the control periods shows no correlation _ between 
the storage of the substances and the age of the patient. All patients except 
the controls (Cases 16, 17, and 18) had hypochromic anemia of varying de- 
gree. As has been pointed out previously, there is no correlation between 
the degree of anemia and the iron retention® either during the control period 
or with the administration of medicinal iron, and in this study the degree of 
anemia had no effect on the phosphorus, calcium, or nitrogen balances. 

In Table II is given a summary of the balance studies showing the in- 
take and balance for each of the four substances during both the control 
period and the period of iron administration. The results during the ad- 
ministration of iron are expressed as the average daily intake and balance 
for the period of observation, which varied from six to forty-eight days, 
rather than being given by periods. It will be seen that during the period 
of iron administration all patients retained this metal, the amount retained 
varying with the intake. Cases 1 to 4 received small amounts of iron intra- 
muscularly, 1.5 grains of iron and ammonium citrates a day: Cases 5 to 11 
received from 15 to 36 grains of iron and ammonium citrates orally a day, 
and Cases 12 to 19 received 45 grains of the same preparation by mouth. 
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TABLE II 








IRON PHOSPHORUS CALCIUM NITROGEN MEDICINAL 
SUMMARY SUMMARY SUMMARY SUMMARY IRON 
INGES- | BAL- | INGES- | BAL- - | BAL- | INGES- | BAL- (GRAINS 
TION ANCE TION ANCE ANCE TION ANCE PER DAY) 
11.89 |+ 0.11) 1.44 | 40.24 : -0.06 9.78 | 40.43 
23.53 |+ 12.68] 1.45 | 40.27 F -0.18 9.79 | +0.99 


11.89 5.05} 1.44 | -0.13 : -0.50 9.78 | -0.21 
23.58 13.99} 1.50 | +0.33 26 | +0.04 10.41 | +1.76 


11.73 2.66] 1.44 | +0.00 26 | -0.72 9.78 | +0.38 
24.59 8.87; 1.45 | 40.23 26 | -0.26 9.84 | +0.55 
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The effects of iron administration on the retention of phosphorus, ¢al- 
cium, and nitrogen are best seen in Table III in which the three substances 
are considered separately. 

Table III shows the change in the phosphorus balance in each patient by 
periods. In Column 1 is the state of balance during the control period ex- 
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pressed as positive, negative, or in equilibrium. The other columns show 
the increase or decrease in. phosphorus storage as compared to the control 
period, a + sign indicating that more was retained than during the control 
period and a — sign indicating that less was retained even though the patient 
might still have been in an actual positive balance. It is seen that in the first 
period of iron administration 8 patients retained less phosphorus than in the 
control period and 11 retained more. In the second period 10 of the 17 pa- 
tients retained less than during the control period and 7 retained more. 

In the first 4 patients, who received small doses of iron intramuscularly, 
there are ten observation periods during iron administration and in four of 


these, all in one patient, there was a decrease in phosphorus retention. In 
the other six periods there was an increase of phosphorus retention over the 
control period. It will be noted in Case 4 that less phosphorus was retained 
in each of the four periods on iron therapy than during the control period, 


but the patient was still in a positive balance for each period (Table I) as 
well as in a positive balance for the entire observation period of twenty-four 
days (Table II). If the explanation for the diminished phosphorus retention 
in experimental animals is correct (a precipitation of insoluble phosphates 
in the alimentary tract), there would be no reason to expect that intramus- 
cularly administered iron would affect the phosphorus balance and there is 
no evidence of such an effect in these cases. 

In the second group of 7 patients (Cases 5 to 11) the iron was admin- 
istered by mouth in moderate amounts, from 15 to 86 grains of iron and 
ammonium citrates a day. There are twenty-two balance periods during iron 
administration in this group, and in sixteen of these there was a decrease in 
phosphorus retention. In only six periods was more phosphorus retained 
than during the control period. This might seem to indicate that decreased 
phosphorus absorption and retention occurred, but when the results of the 
third group of patients who received larger amounts of iron are considered, 
the significance of the preceding group is lost. In the third group (Cases 12 
to 19) 45 grains of iron and ammonium citrates were administered daily by 
mouth. In the twenty-seven periods of observation during iron administra- 
tion, there were twelve in which there was a decreased retention of phos- 
phorus and fifteen in which the retention was increased. Since this larger dose of 
iron did not deerease phosphorus retention, it seems doubtful whether the 
diminished retention in the preceding group of 7 patients was due to iron 
ingestion. There were a total of forty-nine observation periods during orally 
administered iron, and in twenty-one of these there was increased phosphorus 
retention and in twenty-eight a decreased retention. 

In the entire group of 19 persons there were fifty-nine observation 
periods during iron. administration, and in thirty-two of these periods less 
phosphorus was retained than during the control period, while in twenty- 
seven periods there was an increased phosphorus retention. There were 5 
patients in actual negative phosphorus balance during iron administration, 
whereas there were 3 in negative balance in the control period. These results 
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are interpreted as indicating that there is no significant change in the reten- 
tion of phosphorus in the adult as a result of the administration of iron either 
orally or intramuscularly. It is our impression that the tendency toward 
decreased phosphorus retention is too slight and too inconsistent to be of 
significance. 

In Table III are presented in similar manner the effects of iron admin- 
istration on the retention of calcium. In thirty-two of the fifty-nine balance 
periods there was a diminished calcium retention as compared to the control 
period; in twenty-five instances the retention was increased, and in two 
periods there was no change. These figures are almost identical with those 
obtained for phosphorus, but a comparison of the tables shows that in indi- 
vidual cases and periods there is no correlation between the phosphorus and 
calcium retention. In the twenty-five periods of increased calcium retention 
there was increased phosphorus retention in only fourteen and a diminished 
phosphorus retention in eleven. Of the thirty-three periods with diminished 
calcium retention only twenty-one also showed diminished phosphorus reten- 
tion. In the ten observation periods during intramuscular iron therapy in 
the first 4 patients there are five periods with increased, and 5 with decreased, 
calcium retention. In the second group of 7 persons who received iron by 
mouth there are twenty-two observation periods. In nine of these the eal- 
cium retention was increased and in thirteen it was decreased. There were 
twenty-seven balanee periods during iron therapy in the last 8 patients 
(Cases 12-19) who received larger amounts of iron. There were eleven 


periods with increased, and 14 with decreased, caleium retention, and two 
periods with no change from, the control period. During the control period 
there were 9 persons with calcium balance and 9 persons who were in an 
actual negative calcium balance for the entire period of iron administration. 
These results indicate that iron administration does not significantly affect 
calcium retention. 


Table III also contains data on nitrogen metabolism. It is seen that the 
administration of iron did not affect nitrogen retention, and that there is no 
correlation between the retention of nitrogen and the retention of either eal- 
cium or phosphorus. 

SUMMARY 


The phosphorus, calcium, and nitrogen balances of 19 adult patients 
were determined during the administration of medicinal iron. No consistent 
or significant changes in the metabolism of these substances could be de- 
tected during the administration of iron either intramuscularly or orally. 
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ALTERATION OF GLUCOSE TOLERANCE IN PATIENTS WITH 
DISEASE OF PITUITARY, THYROID, AND ADRENAL 
GLANDS BY CHANGES OF DIET* 


JAMES A. GREENE, M.D., AND L. W. Swanson, M.D. 
Iowa Crtry, Iowa 


HE numerous reports of disturbance of carbohydrate metabolism in pa- 
tients with dysfunction of the pituitary, thyroid, and adrenal glands, to- 
gether with the development of this disturbance in experimental animals with 
altered function of these endocrine glands, appear to have definitely established 
a relationship between the function of these glands and carbohydrate metabolism. 


It has been shown also that alteration of the metabolic mixture through diet will 
produce changes in carbohydrate metabolism.' It is important in the proper 
treatment of patients and of academic interest to ascertain whether or not the 
alteration of such metabolism is due directly to dysfunction of these endocrine 
glands or to changes in the metabolic mixture. The present study was instituted 
to obtain data regarding this question. These data, which we recognize as inecom- 
plete, is submitted in hopes of arousing interest in the subject. 


METHOD 


Glucose tolerance curves were obtained in patients with acromegalia, pitu- 
itary dwarfism, hyperthyroidism, myxedema, Addison’s disease, and paroxysmal 
hypertension due to a pheochromocytoma. The tolerance was ascertained in the 
morning after the patient had fasted for from twelve to fourteen hours. Blood 
samples were obtained from the finger tip before, one-half, one, one and one-half, 
two, and two and one-half hours after administration of 50 Gm. of glucose in 
aqueous solution orally. The metabolic mixture was then altered by change of 
diet for from three to twenty-four days and the glucose tolerance test was re- 
peated. In all instances the tolerance curves were obtained after two types of 
diets, and in most eases after three. One diet was of a high carbohydrate and low 
fat content, another was of low carbohydrate and high fat content, and a third, 
of both the carbohydrate and fat content the same proportion as that in an 

*From the Department of Internal Medicine, State University of Iowa, College of Medicine, 


Iowa City. 
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average hospital diet. The caloric value of the diets varied from patient to pa- 
tient, but were approximately the same for all diets prescribed for any one pa- 
tient. 
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RESULTS 


It is to be noted from Table I, which lists the number of patients with each 
disease and the effect of dietary alterations upon the glucose tolerance curve, that 
the tolerance was altered in all cases except in one of hyperthyroidism, and the 
results were questionable in one of Addison’s disease. Representative alterations 
produced in the curve of each disease are shown in the accompanying graphs. 
Acetone bodies were not demonstrable in any of the seven patients in whom this 
point was ascertained during high fat, low carbohydrate diets. 


TABLE I 








EFFECT UPON GLUCOSE TOLERANCE 
ALTERED UNALTERED 





NO. OF PATIENTS DISEASE 





2 Pituitary dwarfism 
1 Acromegalia 

2 Myxedema 

8 Hyperthyroidism 

] Addison’s disease 
il Pheochromocytoma 
5 





CS] me we SIDS & DO 


Total 1 
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COMMENT 


It is recognized that there are too few cases of pituitary and adrenal dys- 
crasia in our study to permit any conclusions, but the results suggest that the dis- 
turbed carbohydrate metabolism may be due in part, if not entirely, to alteration 


of the metabolic mixture. If this is true, the disturbed carbohydrate metabolism 
ean be corrected by proper dietary measures. 

In regard to dysfunction of the thyroid gland, sufficient data are available 
to justify certain conclusions. There is usually a diminished glucose tolerance, 
but hypoglycemia may occur. Our results show that the diminished tolerance 
in hyperthyroidism is due to alteration of the metabolic mixture and that it can 
be remedied by a high carbohydrate and high calorie diet. The one patient who 
failed to show alteration of the tolerance curve had an initial normal curve and 
it was not altered by such a diet. The glucose tolerance can be diminished in 
these patients by a high fat and low carbohydrate diet. The one patient who 
failed to show this response developed hypoglycemia after two and one-half 
hours, and a high fat and low carbohydrate diet for eleven days thereafter did 
not alter the curve. A high carbohydrate and high calorie diet, on the other 
hand, was followed by a flattening of the curve and elimination of hypoglycemia. 
The explanation for this was not clear until we observed spontaneous hypo- 
glycemia in patients due to a high fat diet.2 It appears, therefore, that a high 
earbohydrate and high calorie diet is indicated in all cases of hyperthyroidism 
regardless of whether or not there is a diminished glucose tolerance or a hypo- 
olycemia. 

These observations show that the disturbed carbohydrate metabolism in 
hyperthyroidism is due to alteration of the metabolic mixture and is not due 
directly to dysfunction of the thyroid gland. The results show, in addition, 
that it is important to correct this altered glucose tolerance in such patients dur- 
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ing the preoperative treatment and that the maximum improvement should be one 
of the criteria which indicates whether or not the patient is prepared for thy- 
roidectomy. . 

The patients with myxedema react to alterations of diet in the same manner 
as do normal persons, and this indicates that the diminished thyroid secretion 
is not a factor in the changes in carbohydrate metabolism in these cases. 








SUMMARY 


The glucose tolerance has been altered in patients with dysfunction of the 
pituitary, thyroid, and adrenal glands following alteration of the metabolic 
mixture by changing the carbohydrate and fat content of the diet. The tol- 
erance was improved with a high carbohydrate diet and diminished with a high 
fat diet. It is suggested that in hyperthyroidism the maximum improvement in 
glucose tolerance be obtained before thyroidectomy is advised. 
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THE COMPARATIVE IODINE CONTENT OF WHOLE BLOOD AND 
SERUM* 
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HE majority of patients with early, untreated exophthalmic goiter present 
an elevated blood iodine. Veil and Sturm,? as early as 1925, demonstrated 
that there was an increase in the aleohol insoluble or ‘‘organic’’ iodine fraction 
in the blood of patients with hyperthyroidism. Later investigators have con- 
firmed this observation.*»* This increased ‘‘organic’’ iodine presumably repre- 
sents a greater circulation of the high iodine containing thyroid hormone or of its 
higher metabolic products. 

The level of the ‘‘inorganic’’ fraction of iodine in the blood shows con- 
siderable variation.’ It is increased following the oral administration of inor- 
ganic iodine.* A portion of the ‘‘inorganic’’ iodine represents the iodine of 
nutrition, i.e., iodine derived from the food, water, and, to a limited extent, air; 
and which enters the blood stream principally from the gastrointestinal tract, but 
also from the lungs. Normally this fraction should be small considering the rela- 
tively low daily intake of iodine. 

We have observed that in patients on a low iodine intake analyses of the 
blood cells reveal only a trace of iodine, this being consistently increased by the 
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oral administration of iodides. The present report deals with the results of a 
systematic investigation of the distribution of iodine in the serum and blood 
cells in patients without and with hyperthyroidsm before and following the oral . 
administration of iodine. 

METHODS 


The investigation was carried out on four groups of patients. The first 
group was composed of ten individuals without thyroid disease and the second 
of ten patients with exophthalmie goiter. These patients were maintained on 
the usual hospital diet which has a relatively low iodine content.® They had not 
received iodine medication in any form for at least one month. The third group 
was made up of ten patients from the chest clinic, who had been lipiodolized 
for diagnostic purposes. No basal metabolie rate determinations were made on 
these patients; they showed no clinical evidence of thyroid disease. The fourth 
group was composed of ten patients with exophthalmic goiter who had received 
Lugol’s solution or potassium iodide by mouth for from four to thirty days. 

A sample of 70 ¢.c. of blood was drawn, with the patient in the fasting state. 
Twenty-five cubie centimeters of the blood were oxalated for the whole blood 
iodine determination. Forty cubie centimeters of blood were used to obtain 
from 15 to 25 ¢.e. of serum by clotting and centrifuging. Five cubie centimeters 
of blood were used for hematocrit determination. The analyses of the iodine in 
the whole blood and serum were made by the method of Matthews.’ 


TABLE I 


IODINE CONTENT OF SERUM, BLOOD CELLS, AND WHOLE BiLoop 








TOTAL IODINE IN IODINE CONTENT OF 
SERUM PLUS CELLS 100 c.c. OF WHOLE 
OF 100 c.c. OF BLOOD BY 
WHOLE BLOOD (ug) ANALYSIS (ug) 
4.2 0.2 4.4 4.2 
5.0 0.4 5.4 S.2 
35.0 des 4 ote 38.1 
924.0 203.0 1,127.0 1.058.0 


*A microgram (ug) equals 0.001 mg. 


IODINE IN SERUM OF IODINE IN BLOOD CELLS 
100 ¢.c. OF WHOLE OF 100 c.c. OF 
BLOOD (ug)* WHOLE BLOOD (ug) 








The percentage of iodine in the serum was obtained by the use of the fol- 
lowing formula, in which I, and I, represent the concentration of iodine in the 
whole blood and serum, respectively, while the cell volume of the blood is ex- 
pressed by V: 

I, (100 - V) 


Per cent of iodine in serum = i 
b 





As a check on the accuracy of the analytical methods employed, the actual 
iodine content of the blood cells was determined in four patients. Following the 
removal of the serum by centrifuging, the blood cells were washed five times 
with normal saline and then analyzed by the usual method. Twenty cubic 
centimeters of packed cells were used. The results of this procedure are shown 
in Table I. The results obtained by analyses of the whole blood as compared to 
those by adding the separately determined iodine content of serum and blood 
cells show only a small deviation. The present method of iodine analysis is ac- 
curate to within 5 per cent for the amount of iodine ordinarily found in blood.” 
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OBSERVATIONS 


In the ten individuals without thyroid disease (Table II) the basal metabolic 
_ rate was within normal limits, averaging plus 5 per cent, with fluctuations of 
from minus 13 to plus 8. With a low iodine intake the whole blood iodine aver- 
aged 4.0 ng per cent, with variations of from 3.1 to 5.6 wg per cent. This is a 
normal blood iodine for this region by the present method of iodine analysis.’ 
The serum iodine concentration showed a similar variation. It ranged from 
5.9 to 10.2, averaging 7.1 wg per cent. One hundred cubic centimeters of blood 
contained from 3.1 to 5.0 wg of serum iodine, with a mean value of 3.8 ng. The 
blood cells of 100 ¢.c. of whole blood contained only 0.2 ug of iodine, taking the 
average of all ten determinations. The serum iodine thus constituted, on the 
average, 95 per cent of the total iodine of the blood. 


TABLE II 


COMPARATIVE IODINE CONTENT OF WHOLE BLOOD AND SERUM 
Individuals Without Thyroid Disease 
No Iodine Medication 








IODINE IN 
N 
BLOOD SERUM CELL SERUM OF 100 


DIAGNOSIS ae me a C.C. OF WHOLE 
MS To HS 0 BLOOD (ug) 


Obesity 3. 6.9 53 
Normal male j Bi 5.9 48 
Psychoneurosis ‘ “ 5.9 46 
Normal male ; 6.8 50 
Uleer of leg : 6.6 47 
Normal male 4.0 7.0 47 
Normal male r 4.0 7.4 43 
Normal female Je 4.2 1.2 43 
Arthritis 5.1 Vol 37 
Normal female : 5.6 10:2 51 


Averages _) 4.0 all 46 
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The basal metabolic rate was elevated in the ten patients with exophthalmie 
goiter (Table III). The lowest basal rate was plus 39, the highest was plus 85 
per cent, averaging plus 60 per cent. The whole blood iodine was increased in all 
ten patients, ranging from 5.5 to 15.7 wg per cent. The average of 10.0 ng per 
cent was two and a half times greater than the normal blood iodine. The serum 
iodine showed a similar elevation, fluctuating from 10.4 to 25.0 wg per cent in 
these patients with exophthalmiec goiter. The average was 18.0 ug per cent as 
compared with 7.1 in the patients without thyroid disease. The serum of 100 c.c. 
of whole blood contained from 5.3 to 14.7 ng of iodine, averaging 9.6 pg. The 
blood cells of the same amount of whole blood contained only 0.4 ng. In these 
patients 95 per cent of the whole blood iodine was in the serum. 

In the ten patients without thyroid disease, but who had been lipiodolized, 
the whole blood and serum iodine reached an unusually high level (Table IV). 
This increased blood iodine was due to the high absorption of the iodine of the 
lipiodol from the gastrointestinal tract. Fluoroscopy following lipiodolization 
revealed the presence of lipiodol in the stomach in all cases. The absorption 
from the bronchial tree is low, as has been shown in a previous report.’ The 
whole blood iodine ranged from 18.5 to 3153.0 we per cent, with a serum iodine 
concentration of from 25.7 to 4232.0 ng per cent. The serum of 100 ¢.e, of whole 
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TABLE III 
COMPARATIVE IODINE CONTENT OF WHOLE BLOOD AND SERUM 
Patients With Exophthalmic Goiter 
No Iodine Medication 








WHOLE IODINE IN % 
DURATION OF : BLOOD ce Boa SERUM OF 100 | IODINE 
SYMPTOMS IODINE c.Cc. OF WHOLE IN 
ug % HE % % BLOOD (“g) SERUM 
2 years 5.5 10.4 49 5.3 96 
year 56 6.1 101 42 5.9 97 
months y 8.9 17.0 45 Ss 104 
year 8.9 15.4 41 9.0 100 
year 9.6 16.3 44 9.1 95 
} months : 10.8 17.6 44 9.8 90 
} months 12 22.0 51 10.8 97 
3 years 56 11.4 20.7 53 9.8 86 
year 12.3 25.8 51 12.6 102 
months 15.7 25.0 43 14.7 90 


Averages 10.0 18.0 46 9.6 95 
































TABLE IV 
COMPARATIVE IODINE CONTENT OF WHOLE BLOOD AND SERUM 
Patients Without Thyroid Disease 


Iodine Medication* 








WHOLE | seruM CELL IODINE IN 
DIAGNOSIS BLOOD | Jopne | voLumE | SERUM OF 100 
palsies IODINE F C.C. OF WHOLE 


ue | “8% | % | Broop (ug) 





Fracture of tibia 18.5 25.7 56 11.3 
Chronic empyema 45.7 66.0 52 - 31.7 
Pneumocyst of lung 72.0 124.8 53 58.6 
Pulmonary moniliasis 474.0 521.0 47 276.0 
Arteriosclerosis 1,058.0 | 1,777.0 48 924.0 
Bronchiectasis 1,666.0 | 2,476.0 48 1,288.0 
Bronchiectasis 1,672.0 | 2,518.0 49 1,284.0 
Bronchiectasis 2,539.0 | 3,407.0 41 2,010.0 

9 Obesity 2,467.0 | 3,724.0 45 2,048.0 

10 Pulmonary tuberculosis | 3,153.0 | 4,232.0 42 2,455.0 
Averages - 48 


*Blood drawn from twelve to twenty-four hours following lipiodolization. 
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TABLE V 
COMPARATIVE LODINE CONTENT OF WHOLE BLOOD AND SERUM 
Patients With Exophthalmie Goiter 


Iodine Medication 








WHOLE IODINE IN 
RUM 

IODINE BLOOD wc Pel SERUM OF 100 

MEDICATION IODINE C.C. OF WHOLE 


ug % | “8 % % BLOOD (ug) 
-|Lugol’s 1 week 15.2 20.2 40 12.2 
Lugol’s 4 days 16.5 21.2 40 12.7 
Lugol’s 4 days 17.3 22.0 36 14.1 
100 mg. KI 5 days 3g 40.3 50.8 50 25.4 
100 mg. KI 5 days| 3 41.5 53.7 46 29.0 
100 mg. KI 9 days 44.0 62.0 47 33.0 
100 mg. KI 5 days 63.5 74.5 43 42.5 
100 mg. KI 5 days 69.4 95.2 53 50.5 
Lugol’s 5 days : 106.0 162.0 50 81.0 
10 =|100 mg. KT 30 days 107.0 130.0 51 63.7 


Averages 46 
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blood contained from 11.3 to 2455.0 ug of iodine. There was an absolute, as well 
as a relative, increase in the corpuscular iodine, the cells of 100 ¢.c. of blood con- 
taining from 7.2 to 698.0 ug of iodine, or from 12 to 39 per cent of the total blood 
iodine. 

Although the total iodine concentration in the patients with exophthalmic 
goiter who had received iodine in the form of Lugol’s solution or potassium 
iodide was not as high as in these lipiodolized, the percentage of iodine in the 
serum to the total blood iodine was approximately the same (Table V). The 
basal metabolic rates were lower than in the patients with exophthalmic goiter 
not on iodine medication, and averaged plus 35 per cent, ranging from plus 8 
to plus 60. The lowest whole blood iodine was 15.2 and the highest was 107.0 pg 
per cent. The iodine of the serum showed a corresponding increase, ranging 
from 20.2 to 130.0 ng per cent. The serum of 100 ¢.c. of whole blood contained 
from 12.2 to 63.7 ug, or on an average, only 72 per cent of the total blood iodine. 
The blood cells of the same amount of whole blood contained from 3.0 to 48.3 pg 
of iodine, as compared with 0.4 yg in the patients with exophthalmie goiter but 
not on iodine medication. 

DISCUSSION 


The increased whole blood iodine in the patients with untreated exophthal- 
mie goiter as compared with the normal blood iodine of the individuals without 
thyroid disease was due to the higher iodine concentration of the serum, and not 
to an increased iodine content of the cells. With a low iodine intake the cor- 
puscular iodine was approximately the same in both conditions. It constituted, 
on an average, only 5 per cent of the total blood iodine. The iodine concentra- 
tion of the cells was thus similar to that of the cerebrospinal fluid of patients 
both with and without hyperthyroidism, as previously reported.® The average 
cerebrospinal fluid iodine concentration was found to be 0.5 wg per cent, as com- 
pared with the average corpuscular iodine concentration of 0.6 ug per cent in 
the twenty patients on a low iodine intake. 

The corpuscular iodine would appear to represent the diffusible iodine frac- 
tion of the blood, and, we may assume, also a part of the nutritional iodine of 
the blood. An increased intake of iodine is followed by an increase in the dif- 
fusible iodine fraction of the blood, as evident by the higher corpuscular iodine 
concentration. However, this corpuscular iodine represents only a part of the 
nutritional iodine, as there is also a concomitant rise in the serum iodine content. 
A portion of the ingested iodine is diffusible, while the remaining part is retained 
in the serum. i 

The actual amount of iodine ingested by these patients was not determined. 
No attempt has been made to demonstrate a quantitative relationship between 
the iodine intake and the nutritional iodine concentration of the serum and 
cells. 

The determination of the whole blood and serum iodine is of some practical 
value in the differential diagnosis of hyperthyroidism in that it makes possible 
the demonstration of an increased amount of diffusible iodine in the blood. An 
elevated whole blood iodine may be due to the increased serum iodine of hyper- 
thyroidism, but may also be caused by an elevated nutritional iodine, brought 
about by the ingestion of high iodine content foods or the administration of 
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iodine. The finding of a high corpuscular iodine concentration indicates that 
the patient under consideration has received iodine medication, and that this is 
responsible’ for the elevated whole blood iodine. 


SUMMARY 


In ten individuals without thyroid disease and maintained on a low iodine 
diet; with normal metabolic rates and normal whole blood iodine averaging 4.0 
pg per cent, the average serum iodine was 7.1 wg per cent. The serum iodine 
constituted, on an average, 95 per cent of the total blood iodine. 

In ten patients with exophthalmiec goiter, with an average basal metabolic 
rate of plus 60 per cent, and maintained on a low iodine intake, the average blood 
iodine was 10.0 »g per cent, the average serum iodine was 18.0 wg per cent. On 
an average, 95 per cent of the iodine of the blood was in the serum. 

Following lipiodolization of ten patients without thyroid disease, the whole 
blood iodine ranged from 18.5 to 3153.0 yg per cent, with the serum iodine fluctu- 
ating from 25.7 to 4,232.0. From 61 to 88 per cent, or on an average 75 per cent, 
of the total iodine of the blood was in the serum. 

In ten patients with exophthalmie goiter, with an average basal metabolic 
rate of plus 35 per cent, while receiving Lugol’s solution or potassium iodide by 
mouth, the blood iodine concentration fluctuated from 15.2 to 107.0 yg per cent, 
with the serum iodine concentration varying from 20.2 to 180.0. From 60 to 80 
per cent, or at an average 72 per cent, of the iodine of the blood was in the serum. 


CONCLUSIONS 


In individuals without thyroid disease and with a normal blood iodine, and 
also in those patients with exophthalmie goiter with an elevated blood iodine 
while on a low iodine intake, an average of 95 per cent of the total iodine of 
the blood is in the serum. 

The elevated blood iodine of patients with exophthalmie goiter is due to an 
increased amount of serum iodine. 

Following the oral administration of varying amounts of iodine or lipiodol- 
ization, there is an increased corpuscular iodine concentration, with a relative 
fall in the serum iodine to an average of 74 per cent of the total iodine of the 
blood. 
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COMPARATIVE STUDIES ON THE ABSORPTION 
OF SULFANILAMIDE* 


Water J. SIEBERT, M.D., AND FREDERICK LOOSE 
St. Louis, Mo. 


ECENT studies? of a solution of sulfanilamidet demonstrated that in the 

guinea pig and rabbit higher blood-free sulfanilamide concentrations are 
obtained with the solution than when sulfanilamide is given in equivalent 
dosage in other forms. Furthermore, the sulfanilamide appears in the blood 
more quickly when given as the solution, and its rate of elimination is not 
accelerated. The solution employed was essentially a mixture containing in 
each fluidounce approximately 30 grains of sulfanilamide in glucose, glycerin, 
and sodium lactate. 

The question has arisen as to whether the sulfanilamide in the solution 
would be absorbed as rapidly as an equivalent amount of drug in the dry form, 
because of a possible linkage with the glucose of the solution. It has been 
postulated, also, that in persons with partial or complete achlorhydria and 


rapid gastric emptying time the sulfanilamide, if bound to glucose in the solu- 
tion, might not be absorbed as quickly or as completely as when administered 
in dry form. 


To answer these questions studies were made, employing the solution of 
sulfanilamide in glucose, glycerin, and sodium lactate, and for comparison a 
brand of sulfanilamide tablets accepted by the Council on Pharmacy and Chem- 
istry of the American Medical Association. The subjects were five males and 
one female between the ages of 21 and 49 in apparent good health, and one 
male, 49 years old, and one female, 51 years old, both of whom were afflicted 
with pernicious anemia. 

Vitamin C determinations were made whenever possible for the purpose 
of trying to establish some correlation between vitamin C gain or loss and the 
sulfanilamide concentration. While these cases are not sufficient to draw any 
conclusions, there is enough evidence of such correlation to warrant further 
investigation. 

Quantitative determination of blood sulfanilamide was made according to 
the method of Bratton and Marshall.‘ Since a comparison was being drawn 
between free sulfanilamide and a solution which might possibly contain the 
drug in a conjugated form, all values given are in terms of free sulfanilamide. 
Total sulfanilamide, that is, free plus conjugated, was not determined. 


*From the Department of Pathology, De Paul Hospital, St. Louis. 
Received for publication, May 24, 1940. 


*The solution of sulfanilamide known as “solution of sulfanilamide in glucose, glycerin, 
and sodium lactate,” was furnished through the courtesy of Donley-Evans & Co., St. Louis, 
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PROCEDURE AND RESULTS 


The first patient was a white male, aged 26 years, weighing 190 pounds. At the be- 
ginning of the study his red blood cell count was 4,140,000; hemoglobin, 13.8 Gm. (New- 
comer method); white blood cell count, 9,600; nonprotein nitrogen, 40 mg. per cent; blood 
sugar, 92 mg. per cent; blood vitamin C, 0.15 mg. per cent. Fifteen cubic centimeters of 
the solution of sulfanilamide (equivalent to 15 grains of sulfanilamide) was administered 
every four hours. Sulfanilamide determinations were carried out on the blood at approxi- 
mately 25° C. one-half hour before the drug was given and at four-hour intervals there- 
after. The results are shown in Table I. 


TABLE I 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SopIUM LACTATE 








MILLIGRAMS 


0S a 
TIME DOSAGE PER CENT 





8 A.M. 15 gr. 0.0 Carbon dioxide combining 
power 63 volumes per cent 


12 noon 15 gr. 
4 P.M. 15 gr. 
8 P.M. 15 gr. 
12 midnight 15 gr. 
4 A.M. 15 gr. 


8 A.M. 15 gr. 
12 noon Discontinued 


i 
ONWSOHReE 1 


Carbon dioxide combining 
power 57 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon 


_ Serr? 
BOwoHaL 


Ps 


Carbon dioxide combining 
power 61 volumes per cent 





A period of one week was allowed to elapse between the conclusion of the observations 
in Table I and the beginning of the following study. Fifteen grains of sulfanilamide 
tablets were administered every four hours as previously. The results are given in Table II. 

TABLE IT 


SULFANILAMIDE TABLETS 








MILLIGRAMS 


TIME JOSAGE 
- , PER CENT 








8 A.M. 15 gr. 0.0 Carbon dioxide combining 
power 67 volumes per cent 

12 noon 15 gr. 

4 P.M. 15 gr. 

8 P.M. 15 gr. 

12 midnight 15 gr. 

4 A.M. 15 gr. 

8 A.M. 15 gr. 

12 noon Discontinued 


im bo tomb tom 


Carbon dioxide combining 
power 54 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon 0.5 Carbon dioxide combining 

power 58 volumes per cent 





The nonprotein nitrogen immediately following this study was 40 mg. per cent; the blood 
sugar, 87 mg. per cent. .The blood picture showed no changes. 
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In this series of observations the same patient was used as in the first study, but after 
a period of two weeks. At this time, the nonprotein nitrogen was 42 mg. per cent, and the 
blood sugar was 87 mg. per cent. Blood vitamin C was 0.13 mg. per cent immediately 
before and 0.04 mg. per cent immediately following the experiment. Fifteen cubic centi- 
meters of the solution of sulfanilamide was administered every four hours; sodium bicar- 
bonate (approximately 20 to 30 gr. every two hours) was given throughout the test period 
in sufficient quantity to keep the urine alkaline during that time. Sulfanilamide determi- 
nations were made on the blood one-half hour before each dose of the drug was administered. 
The results are given in Table IIT. 

TABLE IIT 


SoLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SopiuM LACTATE, 
AND SopIUM BICARBONATE 








MILLIGRAMS 
TIME 
I DOSAGE PER CENT URINE 





8 A.M. 15 gr. : Alkaline Carbon dioxide combining 
power 68 volumes per cent 

12 noon 15 gr. ; Alkaline 

4 P.M. 15 gr. : Alkaline 

8 P.M. 15 gr. : Alkaline 

12 midnight 15 gr. ‘ Alkaline Carbon dioxide combining 
power 84 volumes per cent 

4 A.M. 15 gr. all Alkaline 

8 A.M. 15 gr. ; Alkaline 

12 noon Discontinued 2.$ Alkaline Carbon dioxide combining 
power 86 volumes per cent 





The second patient was a white male, aged 30 years, weighing 194 pounds. At the 
start of the experimental period his red blood cell count was 4,870,000; hemoglobin, 15.1 Gm. 
(Newcomer method); white blood cell count, 8,400; nonprotein nitrogen, 24 mg. per cent; 
blood sugar, 81 mg. per cent. A blood vitamin C determination was not done at this time, 
but several days later the blood vitamin C was 1.73 mg. per cent. Fifteen cubic centi- 
meters of the solution of sulfanilamide (equivalent to 15 grains of drug) was administered 
every four hours. Blood sulfanilamide determinations were made at approximately 25° C. 
one-half hour before each dose of the solution was administered. The results obtained are 
shown in Table IV. 

TABLE IV 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SoDIUM LACTATE 








MILLIGRAMS 


TIME DOSAGE 
was PER CENT 





8 A.M. 15 gr. 0.0 Carbon dioxide combining 
power 71 volumes per cent 

12 noon 15 gr. 

4 P.M. 15 gr. 

8 P.M. 15 gr. 

12 midnight 15 gr. 

4 A.M. 15 gr. 

8 A.M. 15 gr. 

12 noon Discontinued 


a] 
. 


Carbon dioxide combining 
power 69 volumes per cent 


t 


DDH OS 
DAR NHWDH 


4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


SO Sb tere 
wonweononwc = 


Carbon dioxide combining 
power 67 volumes per cent 





A period of one week elapsed between the close of this and the following series of 
observations. The nonprotein nitrogen immediately preceding this series was 26 mg. per 
cent, and immediately following, 28 mg. per cent. Blood sugar determinations were not 
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made at this time. There were no significant hematologic changes. A dose of 15 grains of 
the brand of sulfanilamide tablets (5 gr.) previously employed was administered every four 
hours as shown in Table V. 


TABLE V 


SULFANILAMIDE TABLETS 








MILLIGRAMS 


TIME DOSAGE PER CENT 





8 A.M. 15 gr. Carbon dioxide combining 
power 68 volumes per cent 

12 noon 15 gr. 

4 P.M. 15 gr. 

8 P.M. 15 gr. 

12 midnight 15 gr. 

4 A.M. 15 gr. 

8 A.M. 15 gr. 

12 noon Discontinued : Carbon dioxide combining 
power 61 volumes per cent 

4 P.M. 

§ P.M. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon Not done Carbon dioxide combining 
power 58 volumes per cent 





The third patient was a white male, 28 years old, weighing 181 pounds. His red blood 
cell count immediately preceding the observations was 4,970,000, with a Newcomer hemo- 
globin of 15.6 Gm.; the white blood cell count, 6,500; the nonprotein nitrogen, 29 mg. per 


cent; the blood sugar, 72 mg. per cent. 
’ , 


Neither the white blood cell count nor the hemogram showed any appreciable change 
subsequently. The blood vitamin C three days before the study was started was 1.47 mg. 
per cent as determined with a photoelectric adaptation of Ingall’s method for blood vita- 
min C. Fifteen cubic centimeters of the solution of sulfanilamide (equivalent to 15 grains 
of drug) was administered every four hours. Sulfanilamide determinations at 25° C. were 
made on the blood one-half hour before each dose of the drug was administered. Concom- 
itantly, carbon dioxide combining power of the blood was determined as shown in Table VI. 


TABLE VI 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SoDIUM LACTATE 


MILLIGRAMS 
PER CENT 








DOSAGE 





15 gr. 0.0 Carbon dioxide combining 
power 76 volumes per cent 
12 noon gr. 
4 P.M. 15 gr. 
8 P.M. 15 gr. 
12 midnight 15 gr. 
4 A.M. 15 gr. 
8 A.M. 15 gr. 
12 noon Discontinued 


DDR RR OS 
be 80 tr to Sa bo 


w 


Carbon dioxide combining 
power 72 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon Not done Carbon dioxide combining 
power 67 volumes per cent 

Vitamin C determination 
0.96 milligrams per cent 


oOo bO 
nok Re OO 
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A period of one week was allowed to elapse between the foregoing and the following 
series. The nonprotein nitrogen immediately preceding was 27 mg. per cent, and imme- 
diately following, 28 mg. per cent. Neither blood-sugar nor vitamin C determinations were 
done at this time. The hemogram and red and white blood cell counts were essentially the 
same as at the beginning of the series. Fifteen grains of the previously employed brand 
of sulfanilamide tablets were administered every four hours. As before, sulfanilamide 
determinations were made on the blood one-half hour before each dose of the drug was 


administered. Results are shown in Table VII. 
TABLE VII 


SULFANILAMIDE TABLETS 








TIME DOSAGE MILLIGRAMS 


PER CENT 


8 A.M. 15 er. 0.0 Carbon dioxide combining 
power 73 volumes per cent 





12 noon 15 gr. 
4 P.M. 15. gr. 
8 P.M. 15 gr. 
12 midnight 15 gr. 
4 A.M. 15 gr. 
8 A.M. 15 gr. 
12 noon Discontinued 


Vee Se e.S = 
mo wt tno 


Carbon dioxide combining 
power 67 volumes per cent 

4 P.M. 2.0 

8 P.M. 0.8 

12 midnight 0.5 

4 A.M. 0.1 

8 A.M. Trace 

12 noon Not done Carbon dioxide combining 

power 69 volumes per cent 





A white male, aged 49 years, weighing 185 pounds, who for the past five years had 
been under treatment for pernicious anemia, was the subject in the fourth study. During 
the preceding eight months he had received no hydrochloric acid and only parenterally 
administered liver extract. Just before the experimental observations his red blood cell 
count was 4,010,000; Newcomer hemoglobin, 11.1 Gm.; white blood cell count, 7,300. The 
nonprotein nitrogen was 35 mg. per cent, and the blood sugar was 93 mg. per cent. Fifteen 
cubie centimeters of the solution of sulfanilamide were administered every four hours. 
Sulfanilamide determinations were made on the blood one-half hour before the drug was 
given. Immediately following the last sulfanilamide determination the stomach contents 
showed neither free nor combined hydrochloric acid. The results obtained are given in 
Table VIII. 

TABLE VIII 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SoDIUM LACTATE 








MILLIGRAMS 


TIME )OSAGE 
TIME DOSAGE ox ce 





8 A.M. 15 gr. 0.0 Carbon dioxide combining 
power 75 volumes per cent 

12 noon 15 gr. 

4 P.M. 15 gr. 

8 P.M. 15 gr. 

10 P.M.* Discontinued 


se OO 
todo tom 


Carbon dioxide combining 
power 69 volumes per cent 





*Further observations were not possible because the patient found it necessary to leave the 
hospital. 


The subject in the fifth study was a white female, 24 years old, weighing 105 pounds. 
At the start of this experiment she had a red blood cell count of 4,060,000, a hemoglobin 
of 11.6 Gm. (Newcomer method), and a white blood cell count of 6,200; her hemogram at 
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this time was essentially normal. Her nonprotein nitrogen, blood sugar, and urinalysis 
were well within the normal limits both before and immediately following the experiment. 
An arbitrary dose of 60 ¢.c. of the solution of sulfanilamide per day was administered in 
divided doses, 10 ¢.c. every four hours. Sulfanilamide determinations were done on the 
blood one-half hour before the drug was administered. All determinations were done im- 
mediately at approximately 25° C. 


TABLE IX 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SopruM LAcTATE 








MILLIGRAM 
PER CENT 


TIME* DOSAGE 





8 A.M. 10 gr. 0.0 Carbon dioxide combining 
power 73 volumes per cent 

12 noon 10 gr. 

4 P.M. 10 gr. 

8 P.M. 10 gr. 

12 midnight 10 gr. 

4 A.M.t 10 gr. 

8 A.M. 10 gr. 

12 noon Discontinued 


° 
wot oS 
DrRaAOnm aes 


Carbon dioxide combining 
power 67 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.t 

8 A.M. 

12 noon 


ee ieee Bie t 


Z 

° 
Te 
toe 

° 

=) 

® 


v2) 


Carbon dioxide combining 
power 69 volumes per cent 
6 P.M. 0.4 





*These specimens were drawn at approximately the time indicated subject to thirty 
minutes’ variations. 


+Specimens were not drawn at these hours. 


One week was allowed to elapse between the close of this series and the beginning of 
the next. A dose of 60 grains a day of a brand of sulfanilamide tablets (5 gr.) accepted 
by the Council was administered in divided doses as previously. Neither the blood chem- 
istry nor the hematology at this time showed any significant variance from that immedi- 
ately preceding the following experiment (Table X). 


TARLE X 


SULFANILAMIDE TABLETS 








MILLIGRAM 
PER CENT 


TIME* DOSAGE 
8 A.M. 10 gr. 0.0 Carbon dioxide combining 
power 71 volumes per cent 





12 noon 10 gr. 0.2 

4 P.M. 10 gr. 0.5 

8 P.M. 10 gr. 0.9 

12 midnight 10 gr. 1.3 

4 A.M.t 10 gr. Not done 

8 A.M. 10 gr. 

12 noon Discontinued 4 Carbon dioxide combining 
power 65 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.t Not done 

8 A.M. 0.8 

12 noon 0.6 Carbon dioxide combining 
power 67 volumes per cent 

6 P.M. 0.3 


*See footnote under Table x. 
+See footnote under Table IX. 
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In the sixth study the subject was a white male, 41 years old, weighing 138 pounds. 
At the start of this experiment he had a red blood cell count of 4,320,000, a hemoglobin 
of 14.3 Gm. (Newcomer method), and a white blood cell count of 9,100. His hemogram was 
normal, his nonprotein nitrogen was 27 mg. per cent, his blood sugar was 82 mg. per cent, 
and his vitamin C determination was 1.13 mg. per cent; a basal metabolism run three weeks 
prior to this test was plus 23. A dose of 60 ¢.c. of the solution of sulfanilamide a day was 
administered in divided doses, 10 c.c. every four hours. Determinations were done as 
previously. 

TABLE XI 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SopIUM LACTATE 








MILLIGRAM 


TIME* DOSAGE 
PER CENT 





10 gr. Carbon dioxide combining 
power 76 volumes per cent 
12 noon 10 gr. 
4 P.M. 10 gr. 
8 P.M. 10 gr. 
12 midnight 10 gr. 
4 A.M.t 10 gr. 
8 A.M. 10 gr. 
12 noon Discontinued 


CN THEOSD 
PROBORYNW © 


Carbon dioxide combining 
power 67 volumes per cent 

4 P.M. 

8 P.M. 

12 midnight re 

4 A.M.t Not done 

8 A.M. Trace 

12 noon Not done Carbon dioxide combining 

power 69 volumes per cent 


re 9° 
ore 


. 
. 





*See footnote under Table IX. 
~See footnote under Table IX. 


TABLE XII 
SULFANILAMIDE TABLETS 











MILLIGRAM 


TIME* DOSAGE 
PER CENT 





8 A.M. , ; Carbon dioxide combining 
power 69 volumes per cent 

12 noon 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.t 

8 A.M. . : 

12 noon Discontinued : Carbon dioxide combining 
power 58 volumes per cent 

4 P.M. 2 

8 P.M. . 

12 midnight , 


aone 


4 A.M.t 


8 A.M. 
12 noon Not done Carbon dioxide combining 
power 61 volumes per cent 


8 
1 
7 
1 
3 








*See footnote under Table IX. 
7See footnote under Table IX. 


A period of one week was allowed to,elapse between the close of this series and the 
beginning of the next study. A dose of 60 grains a day of a brand of sulfanilamide tablets 
(5 gr.) accepted by the Council was administered in divided doses as before. The blood 
chemistry and hematology of this subject showed no significant changes from those run 
before the experiment with the exception of the vitamin C determination, which was 
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0.72 mg. per cent. 
ing 149 pounds. 
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The individual in the seventh study was a 21-year-old white male weigh- 
His red blood cell count immediately preceding this experiment was 


4,720,000, with a Newcomer hemoglobin of 15.8 Gm. His white blood cell count at this 


time was 7,600, and his hemogram was normal. His nonprotein nitrogen was 26 mg. per 


cent, his blood sugar was 92 mg. per cent, and his vitamin C determination was 1.26 mg. 


per cent. A dose of 60 ¢.c. of the solution of sulfanilamide a day was administered in 


divided doses. 


Sulfanilamide determinations were done on the blood one-half hour before 


each dose of the drug was administered. All determinations were done immediately and 


at approximately 


95° CO 


TABLE XIII 


SOLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SoDIUM LACTATE 








TIME 


DOSAGE 


MILLIGRAM 
PER CENT 





8 A.M. 


12 noon 

4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


gr. 


er. 
gr. 
gr. 
gr. 
gr. 
gr. 


Discontinued 


0.0 Carbon dioxide combining 
power 82 volumes per cent 
0.3 
0.8 
1.1 
1.3 
Not done 
2.5 
2.6 Carbon dioxide combining 
power 78 volumes per cent 
2.0 
1.4 
0.6 
Not done 
0.1 Heavy trace 
Not done Carbon dioxide combining 
power 79 volumes per cent 
Vitamin C determination 
0.62 milligrams per cent 





A period of one week was allowed to elapse between the foregoing experiment and 


the following. 


Neither the blood chemistry nor the hematology showed any significant 


changes from that at the start of this experiment. A dose of 60 grains a day of a brand 


of sulfanilamide tablets (5 gr.) 
of 10 grains every four hours, 
the blood one-half hour before 
of the 4 a.m. dose, at which time 


TIME 


8 A.M. 


12 noon 

4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


acceptable to the Council was administered in divided doses 
as previously. Sulfanilamide determinations were done on 
2ach dose of the drug was administered, with the exception 
no blood was drawn for a determination. 


TABLE XIV 


SULFANILAMIDE TABLETS 


DOSAGE 


10 gr. 


10 

10 

10 

10 er. 

10 er. 
10 er. 

Discontinued 








MILLIGRAM 
PER CENT 





0.0 Carbon dioxide combining 
power 81 volumes per cent 


0.3 
0.6 
1.2 
1.4 
Not done 
1.9 
2.2 Carbon dioxide combining 
power 72 volumes per cent 
17 
0.9 
0.4 
Not done 
Very faint trace 
Not done Carbon dioxide combining 
power 79 volumes per cent 
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The blood chemistry showed no significant changes at this time over that preceding 
this experiment; the red blood cell count and hemoglobin were approximately the same; 
the white blood cell count was 4,800, with a normal hemogram. 

A period of one week was allowed to elapse between this experiment and the follow- 
ing study. The patient’s blood chemistry immediately preceding this experiment was essen- 
tially the same as previously. The white blood cell count was 9,200. Sixty cubic centi- 
meters of sulfanilamide solution, with concomitant dosages of sodium bicarbonate, were 
administered as previously. 

TABLE XV 


SoLUTION SULFANILAMIDE IN GLUCOSE, GLYCERIN, AND SopIUM LACTATE 
Pius SopiumM BICARBONATE 








MILLIGRAM 
N N 
TIME DOSAGE PER CENT URINE 


8 A.M. 10 gr. 0.0 Alkaline 
12 noon 10 gr. 0.2 Alkaline 
4 P.M. 10 gr. ° 0.6 Alkaline 
8 P.M. 10 gr. 1: Alkaline 
12 midnight 10 gr. 1. Alkaline 








Tests were discontinued because of patient’s refusal to cooperate further. 


The individual in the eighth study was a white female, aged 51 years, weighing 109 
pounds, who for nine years had been under treatment for pernicious anemia. At this time, 
her red blood cell count was 3,940,000, with a Newcomer hemoglobin of 12.2 Gm. Her white 
blood cell count was 6,600, with a normal hemogram. The nonprotein nitrogen and blood 
sugar values were well within the normal limits. A basal metabolism run five weeks prior 
to this test was plus 9. A modified G-I series showed a rather marked increase in stomach 
motility, and the gastric analysis showed a total achlorhydria. 

An arbitrary dose of 60 ¢.c. of solution of sulfanilamide a day was administered in 
divided doses every four hours (10 ¢.c.). Sulfanilamide determinations were made on the 
blood one-half hour before the drug was administered. At the close of this experiment, 
a nasal tube was passed and the gastric analysis still showed a total lack of free and 
combined acid. At this time this test was discontinued because the patient felt dizzy and 
complained of a headache; the following day, although she refused further laboratory 
studies, she reported that these symptoms had all disappeared. 


TABLE XVI 














~ MILLIGRAM 


TIME 
PER CENT 








8 A.M. i 0.0 
12 noon 'T. 0.4 
4 P.M. oT. 0.9 
8 P.M. f 2 1.5 
10 P.M. 2.¢ 








DISCUSSION 


The results obtained in this study are summarized graphically in Table 
XVII. It will be seen that the maximum concentration of sulfanilamide at- 
tained in the blood in every case was higher when the drug was given in the 
form of the solution. With sulfanilamide tablets, excretion time was shorter, 
and the per cent loss of blood carbon dioxide combining power was greater. 

In the face of a known, persistent, complete achlorhydria, a rise in blood 
sulfanilamide, comparable to that obtained in normal subjects, occurred when 
the drug was administered in the form of a solution. 

When the solution of sulfanilamide was administered, together with large 
doses of sodium bicarbonate (20 to 30 gr. every two hours), no interference 
with absorption of the sulfanilamide occurred, 
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TABLE XVII 








SUBJECT 


. AT FINISH 


(voL. %) 

















REACHED (MG.%) 





ADMINISTERED 
TIME FOR 
(HOURS) 

co, AT MAXI- 
MUM CONCEN- 
TRATION (VOL. %) 





1 
Male 
26 years 
190 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 


Solution of 
sulfanilamide 
and sodium 
bicarbonate 


=|PERCENTAGE OF 
S|FROM START TO 
MAXIMUM CONC 


o|co, AT START 
=|LOSS IN CO, 


= EXCRETION 
o/CO. 


pa 


S SULFANILAMIDE 
Ww 
o 
~] 


t¢|\CONCENTRATION 


__.|TOTAL 
bo| MAXIMUM 


ry 
co] 
or 

NS 
rs 
or 
rs 
a 
@ 
—) 
jad 
io) 
rq 


ie) 
rs 
Go 
for) 





2 
Male 
30 years 
194 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 








3 
Male 
28 years 
181 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 








4 
Male 
49 years 


Solution of 
sulfanilamide 





185 pounds 
5 

Female 

24 years 

105 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 





6 
Male 
41 years 
138 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 





7 
Male 
21 years 
149 pounds 


Solution of 
sulfanilamide 


Sulfanilamide 
tablets N.N.R. 


‘Solution of 


sulfanilamide 
and sodium 
bicarbonate 














8 
Female 
51 years 
109 pounds 





Solution of 
sulfanilamide 





| 


| 


























*Twenty to 30 grains of sodium bicarbonate administered every two hours. 
tPernicious anemia, five years. Stomach contents showed neither free nor combined hydro- 


chloric acid. 


tPernicious anemia, nine years. Marked high motility. Gastric analysis showed total 
achlorhydria before and after this experiment. 


CONCLUSIONS 


In the human subject higher blood concentrations of free sulfanilamide 
are obtained when the drug is given as the solution than when administered in 
equivalent dosage in the form of tablets. 
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The rate of elimination of the sulfanilamide is no more rapid when given 
as the solution than when administered in other forms. 

The loss of blood carbon dioxide combining power is less when the solution 
of sulfanilamide is administered than when the drug is given in tablet form. 

Even in the face of a persistent, complete achlorhydria, a rise in blood 
concentration of sulfanilamide comparable to that seen in the normal subject 
is attained when the drug is administered in the form of the solution. Hence 
the influence of gastric hydrochloric acid is not required to permit absorption 
of the sulfanilamide into the blood stream. If a linkage between the glucose 
and sulfanilamide does exist, gastric acidity is not needed for its breakdown. 
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LABORATORY METHODS 








GENERAL 
SIMULTANEOUS ARTERIAL AND VENOUS BLOOD CULTURES* 


Maynarp Murray, M.D., AND FRANK Moosnick, B.S. 
CINCINNATI, OHIO 


N REVIEW of the literature on blood cultures one is impressed by the fact 

that a comparative study of the efficiency of arterial blood cultures as com- 
pared to venous is wanting. In eases of septicemia it is not uncommon to see 
petechial hemorrhages follow the distribution of a small artery. Because of 
these facts such a comparative study was conducted on 27 patients with clinical 
evidence of bacteriemia. 
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Total Vumber of Cultures 100% 


Number of Positive Cultures 55% Positive 


ae | Arterial 93% Ankrial 
I , 
Ven 4O% Arteriovenous 


Distribution of Positive Cultures 74% Venous 


: : Aerobic 
een er 93% Aerobic 
ousted 40% Aerobic Anaerobe 


Distribution of Positive Cultures 6% Anacrabic 





























Fig. 1. 

After surgical cleansing of the parts blood cultures were taken simul- 
taneously from the cubital vein and from the femoral artery. The medium used 
was nutrient brain broth. The cultures were incubated at 37° C. for six days 
and subeultures were taken. The blood taken from each source was about 5 c.c., 
half of which was cultured aerobically and the other half anaerobically. As 
seen in Fig. 1 the results are as follows: 

From 27 cultures taken from as many patients 15, or 55 per cent, were posi- 
tive. In the 15 positive cases 14 were positive in the arterial culture, while only 
6 were positive in the venous culture. One patient showed a positive venous 
culture and a negative arterial culture. As to the distribution of aerobie and 
anaerobie cultures, 15 aerobic and 7 anaerobic cultures were positive. One cul- 
ture was positive in the anaerobic tube and negative in the aerobic tube. 

From this experiment it is evident that arterial cultures are positive 
in a higher percentage of cases than are cultures taken from a vein. 


*From the Laboratory of Physiology, University of Cincinnati and Longview State Hos- 
pital, Cincinnati. 
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A SIMPLIFIED APPARATUS FOR CONSTANT RATE INJECTIONS* 


ALFRED E. KorHuer, M.S., Pu.D., M.D., Santa BarpBara, CALIF. 


N STUDYING the ability of the animal body to utilize, store, or eliminate a 

substance injected intravenously, it is desirable to give it at a constant 
rate over a sufficiently long period of time, so that the organism can adapt 
itself and establish, if possible, an equilibrium. Similarly, in studying the effect 
of a substance such as a hormone upon the animal organism, the true response 
ean usually better be evaluated if such a substance is given at a constant rate 
approaching physiologic or pathologie secretion. 

Besides affording adequate time for diffusion and distribution equilibrium, 
continuous injection has the particular advantage over a single injection in that 
it frequently permits the observation of the change in equilibrium or response 
that may take place during the course of administration. Thus, if glucose is 
injected intravenously at a constant rate, the rapidity of disappearance of 
glucose from the blood stream constantly changes as the mechanism for sugar 
utilization becomes stimulated or, as in the ease of the diabetic organism, first 
stimulated and then depressed. Similarly, if epinephrine is injected at a 
constant physiologic rate for two or four hours the'blood pressure response may 
be quite different for the consecutive half hour intervals, in fact, may change 
from a pressor to a depressor effect. This difference of adaptation is often of 
primary importance and may be completely missed by a single injection even 
if prolonged to one-half hour. 


APPARATUS FOR INJECTION 


Several types of apparatus for constant rate injections that have been 
satisfactory for specific purposes have been described. One of the first motor 
driven pumps was described by Bock" in 1907, and modifications have been made 
by Friedman? (1910) and many others. Considerable improvement was, how- 
ever, made in compactness, mechanical precision, and adaptability by Woodyatt* 
in an apparatus deseribed in 1917. This machine, as originally described, was 
subject to current fluctuations; due to the valvular mechanism involved, it never 
became popular for clinical use. 


The apparatus to be described, although not capable of injection over in- 
definite periods as is the case with the Woodyatt pump, offers a simple, accurate 
means of constant rate injection, particularly practical for routine clinical toler- 
ance tests. Our experience has shown that the average subject or patient cannot 
lie longer than two and one-half to three hours for injection without becoming 
unduly restless or uncomfortable, and consequently an apparatus for longer 
injection is usually not needed. 

*From the Sansum Clinic and Santa Barbara Cottage Hospital, Santa Barbara. 

Received for publication, November 29, 1939. 
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DESCRIPTION OF APPARATUS 


Fig. 1 shows the front and side views of the apparatus. It consists essentially 
of a vertically supported syringe of 200 ¢.c. capacity or less that is actuated by 
a constant speed motor. The platform is about 714 inches square, and the two 
front corners support rigidly 2 steel tubes % by 18 inches, 51g inches apart 
center to center. Sliding on these tubes are the stationary but adjustable support 


REVOLVING SCREWS 
DRIVEN FROM 
BENEATH PLATFORM 








sg | 

Be 1, 

MOVABLE SUFPORT 
- FOR SYRINGE 


BARREL 
ae 


} 


Pig. 1. 


for the bottom of the barrel of the syringe and also the screw actuated head 
which clasps the top of the plunger. Inside of each stationary vertical support 
and parallel to it is a screw supported by a bearing in the top eross bar and 
also by a bearing in the base plate through which it extends. The serew shaft is 
of 14 inch diameter with 13 threads per inch. The head carrying the plunger 
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earries two split nuts which engage with the screws. Spring tension keeps the 
split nuts together to engage the thread, but pressure on the clip extensions with 
forefinger and thumb of each hand disengages the head so that it can be freely 
moved up or down on the outside supports. 

The two screws are synchronously turned beneath the top plate of the base 
by sprockets and chain connected to the motor drive which extends through the 
base plate from above. The sprockets at the base of the screws are 2 inches in 
diameter with 20 teeth, and the sprocket on the motor drive extension shaft has 
10 teeth. 

A constant speed motor of 50 eyele 1,500 revolutions, 4% horsepower, syn- 
chronous type with a 1:1,120 reduction drive extending downward is mounted 
on the back portion of the base.* Mounting the motor on a rubber base and 
inserting a rubber disk universal drive in the power extension minimizes vibra- 
tion and noise. 

The above type motor and reduction drive ratios result in the delivery of 
100 ¢.c. per hour with the type of 200 ¢.c. syringe we have used. 

An automatic shut-off switch operated when the syringe plunger is down is 
essential. The switch is mounted on the lower barrel support and is operated 
by a rod that extends up through an extension of the movable head. An adjust- 
able collar fastened on the rod is engaged when the head has moved down 
sufficiently. The mounting of the switch on the lower movable support serves to 
maintain a constant shut-off relationship regardless of the position of the sup- 
port. 

Obviously, any rate of delivery can be obtained by using different drive 
sprocket ratios or by the introduction of various gears. Adjustable 3 or 4 speed 
transmissions ean be built in below the base. On the other hand, we have found 
it desirable to make the driving mechanism as simple as possible so as to avoid 
mistakes. 

To vary the amount of a substance to be injected it has in general proved 
more satisfactory to change the concentration of the solution rather than change 
the rate of injection of the solution. Thus glucose can be given at the rate of 
10, 25, or 50 grams per hour by using a 10, 25, or 50 per cent solution injected 
at the rate of 100 ¢.c. per hour. Epinephrine or insulin ean be diluted with 
normal saline, so that any desired amount can be given per hour. 

The main advantage of this type of apparatus is its simplicity and prac- 
ticability, so that it can be used for routine bedside work. The standard syringe 
and tubing can, of course, be easily sterilized. 


REFERENCES 


1. Bock, J.: Untersuchungen iiber die Nierenfunktion. I. Ueber die Ausscheidung der 
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*Such a constant speed motor may be obtained from the Bodine Electric Co., Chicago, IIl. 
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A SIMPLE PHOTOSTATIC CAMERA 


Ross SpaLpING Spray, PuH.D., AND ALFRED REEVES STANLEY, PH.D. 
MorGantown, W. VA. 


HOTOSTATIC records of books, journals, or other documents are a matter 

of great convenience and importance, especially where reprints are no longer 
available, or where library loans do not allow time for abstracting or for 
translation of foreign texts. ‘‘Bibliofilms’’ now provide a fairly convenient 
source of such records. i 

To meet daily desires, we have designed and built a photostatic camera of 
such simplicity and general utility that it seems suitable to present its details 
in such form that others may reproduce it. This device prints directly upon 
photographie paper, 5 by 7 inches, with only a slight reduction in size of text, 
in sharp white type upon a solid black ground. Even the finest types are 
sharply and legibly reproduced. Apart from the initial cost, prints may be 
made in quantity at approximately 2 cents each. 

The apparatus consists of a baseboard with vertical grooved standards to 
support a camera, with its plate holder removed, on an adjustable slide. Fitted 
tightly above the: camera is a light-proof horizontal box carrying a mirror at 
45° angle, centered on the camera lens. The mirror is necessary to re-reverse 
the normally reversed image. Fitted into this box is a movable frame designed 
to receive an Eastman printing frame, 5 by 7 inches, fitting into a recess 34 inch 
deep. 

This movable frame is supported on a shelf attached to the camera slide, 
and is arranged to slide into or out of the mirror box, allowing 114 inches play 
for focusing. Guide strips and a wing-nut bolt to lock in focus are provided. 

Three focusing movements are thus available: (1) the camera bellows; 
(2) the vertical movement of the camera slide; (3) the horizontal movement 
of the printing frame carrier. By proper manipulation of these movements all 
ordinary journal and book pages can be quickly reduced and sharply brought 
to focus on a 5 by 7 inch ground-glass sereen. 

The apparatus is easily constructed, chiefly of three-ply wood, conveniently 
available in large sheets. Bracing consists chiefly of 1 by 1 inch strips. Glue, 
wire brads, and 14 inch wood screws are applied as indicated. The construction 
details are given in the illustrations and key to details. Basic dimensions alone 
are given. 

We are using a Folmer and Schwing camera, 4 by 5 inches, as provided by 
Spencer Lens Co. (1924 catalog, No. 640, page 71). This is a speed graphic 
bellows camera with Kodak ball-bearing shutter and a 4 by 5 R. R. lens. 

For illumination of beoks in photographing we use two Westinghouse par- 
38 projection flood bulbs, 150 watt, 120 volts. These are supported in clamps 
on metal standards at about 18 inches from the book, directed downward at 


Received for publication, December 8, 1939. 
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about 45° angle. With this illumination the exposure time runs around ten 
to twelve seconds, according to the selected printing paper. 

From a variety of papers tested we have chosen Eastman Kodaline Bro- 
mide, single weight, smooth, semimatte, white paper. However, there is now 
available a new Kodabrom, grade A4, single-weight paper which promises even 
better contrast. We have not yet tried this new line, but from our experience 
with single-weight Kodabrom F4 paper we believe that this may be recom- 
mended. 
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Fig. 1.—A, \%4 inch three-ply baseboard, 30 by 14 inches, supported on 1 by 1 by 30 inch 
runners (A1); B, 4 inch three-ply gusset brace, 114%, by 12% inches, supporting C-C through 
1 by 1 by 9% inch strips (B1); C-C, % inch three-ply support standards, 34 inches long, con- 
structed of two 4 by 3 by 34 inches and one 4 by 1% by 34 inches, separated by two strips 
of cardboard (Ci), to form groove for slide D; drilled with a series of % inch holes for 
vertical adjustment of slide D; C2, two 4 by 2 by 10% inch bracing strips to support C-C; 
D, % by 6 by 10% inch slide for camera support; drilled with two %g inch holes to fit camera 
connection holes, and ends perforated by a series of % inch holes to fit similar spacing.on 
standards C-C. Slide D held in position at desired elevation by two 6-penny casing nails. 
Camera attached to slide D by knurled bolts provided with camera outfit; H, Spencer Photo- 
Micrographic Camera (1924 catalog No..640) supporting projection tunnel F, and clamped to 
it by four heavy rubber bands and wire hooks; bands looped over four brads on top of F; 
F, Projection tunnel, 4 inch three-ply, 8 by 6 by 7 inches, holdine G, silvered clear glass 
mirror, smooth and free of striations, 744 by 6% inches, set at exactly 45° angle, and held in 
place in F with small glued wood blocks; H, Focusing tunnel, fitting snugly into F, and movable 
on shelf 7; H2, Collar built onto H, to hold standard 5 by 7 inch printing frame, allowing in- 
sertion of frame to a depth of % inch. Tunnel H allows 1% inch sliding insertion into F for 
focus. Tunnel H is guided in groove on shelf I by slide H1 (4% by 2 by 5% inches). Slide H/ 
has a 3 by \% inch slot to match slot on shelf H, fitted with 4g by 1 inch bolt and wing-nut to 
lock H at proper focus; J, Shelf, 4 by 7% by 8 inches, with two 14 by 2 by 6 inch strips (I1) 
to form slide for H1; provided with 3 by % inch slot to match H7/. 














Developing, Fixing, and Drying, Details.— 

1. Eastman developer, formula D-72 (about one minute). 

2. Acid rinse bath (48 ¢.c. of 28 per cent acetic acid to 1 liter of water) 
(five to six seconds). 
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3.. Eastman fixing bath, formula F1 (ten to fifteen minutes). 

4. Wash at least thirty minutes in running water, or preferably until 
hypo test is negative (hypo test formula HT-la). Note: Eastman chemicals 
are used throughout. 

5. Prints are rolled and dried slowly on Ferrotype squeegee plates which 
are treated with ‘‘Peep-o-Day’’ squeegee paste (Karika Mfg. Co., Yale, Okla.), 
obtained through Eastman stores. 

Printing suggestions.—Books or journals are laid flat on the baseboard A. 
The selected page is pressed flat under a clear sheet of window glass. The 
back of the book is bent out and held against a triangular rack (not illustrated) 
with sliding wire hooks to hold back the loose pages. 

Printing frames are loaded and prints developed under the light of a 
Kodak safelight lamp, using a series OA Wratten safelight. 

In printing a continuous series of pages we load and print six frames. 
With two persons working, one loads the frames, turns the pages, and manip- 
ulates the shutter; the other adjusts the focus, holds the printing frames in 
place, and operates the illumination switch. Working together, pages may be 
printed in a series at a rate of a little less than one per minute. 

Complete reprint series are then conveniently bound with an Ace ‘‘pilot’’ 
stapler. 

Note: Since the acceptance of this article for publication, we have found it more rapid 
to omit the use of plate holders. A glass plate is fixed in the collar (H2) and print paper 
is faced to the glass and held during printing by a felt-faced board. The printing speed is 
thus almost doubled. 





AN OPEN RACK FOR THE SYRINGE OUTFIT WHEN IN USE 


JOSEPH L. SZEKELY, M.D., FLusHiInG, N. Y. 


EXT to the stethoscope, the syringe is probably the most frequently used 
medical instrument today. Yet the vast improvement that took place in 
the technical armamentarium during the last few decades has neglected to pro- 
vide a commercially available, adequate solution to the simple, every-day problem 
of where to rest the sterile syringe outfit while in use. Before and after filling 
a syringe with the solution, and while it is being taken to the patient, the outfit 
should be placed in a secure position and the sterility of the needle and the with- 
drawn parts of the plunger should be safeguarded. This is somewhat difficult. 
The rolling tendency and the fragility of the syringe are a handicap. Various 
makeshift arrangements are resorted to, such as putting a piece of cotton on the 
tray under the tip of the syringe, placing the syringe with the needle extending 
over the edge of the table or tray, or even in an ash tray, ete. The disadvantages, 
such as the hazard of contamination, the bending of the needle point, and the 
possibility of breaking the syringe, are obvious and often happen. 
The device described here answers this problem. It is a flat steel rack sup- 
ported by two eyvlindrical legs with either one or three resting places for a 
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corresponding number of syringes. It is called the Steri-Rack and is made in 
three models. The small model will rest one syringe; the medium and the large, 
up to three syringes. The resting places have the shape of a semicircle that 
broadens out into a wide open V. The syringe outfit is usually placed in a 
slanting position with the hub of the needle or the tip of the syringe in the semi- 
circle and the other end on the table or tray. The semicircle will just take the 
medium part of the hub of the needle. The front and rear prominences of the 
hub cannot pass through this opening; hence the syringe will not slip off the 
rack easily. If the needle happens to have a hub varying from the conventional 
style, the part of the syringe tip right behind the hub will rest in the semicircle 
with the same effect. Both glass and metal tipped syringes can be rested on the 
rack whether a needle is attached or not. The height of the resting levels varies 
to suit the different size syringes (Fig. 1). 


$ 4 * 
eal 
wig. 2. 


The V-shaped part of the resting place will take the barrel or the end of the 
plunger when a syringe is rested on two racks simultaneously (Fig. 2). The 
front end of the syringe outfit, either the hub or the barrel, rests on one rack, 
and the rear part, either the barrel or the end of the plunger, on another. Two 
different racks or two of the same model can be paired. The various heights of 
the semicircular and V-shaped resting places complement each other. This 
makes it possible to rest in a balanced position one or two of any size syringe, 
from the smallest up to a large metal ear syringe with both ends supported. 


Such an arrangement is advantageous, for instance, where prolonged sterility 
must be maintained or the barrel has a protruding side part, like that on a 
venoclysis syringe. The raised bottom line and the cylindrical legs, proportionate 
in length to the height and width of the rack, insure stability. The device is 
made throughout of stainless steel. 


42-20 KISSENA BOULEVARD 





GONOCOCCUS COMPLEMENT FIXATION TEST 


ALBERT M. pi Giora, A.B., SAN FRANCISCO, CALIF. 


|‘ 1911, Schwartz and McNeal emphasized the necessity of using polyvalent 
antigens* in the gonococcus complement fixation tests because they believed 
the gonococcus belonged to a heterogeneous family. Until now, except for 
various research investigators, interest in the test has waned for the following 
reasons: first, the test would give no information in known acute or subacute 
cases; second, most laboratories were unable to obtain suitable antigens and 
positive controls; third, irregularities in the performance of the test. After 
a study of over 800 blood samples in this laboratory, we have attempted to 
eliminate some of the difficulties in the performance of the test. As a result, our 
experiences have been gratifying. 

The following technique of the test is similar to that of Kolmer with certain 
modifications by this laboratory : 


Solutions and Reagents.— 


. 0.85 per cent sodium chloride in distilled water. 
. 2 per cent sheep cells, defibrinated or citrated. 
. Anti-sheep hemolysin, the titer of which has been previously determined. 
Complement—freshl; vooled sera from three or more guinea pigs. Com- 
plement may prove to be c ie of the greatest sources of error in the test, thus 
making interpretations by the. serologist difficult. Thomson, Park, and Hamann 
realized the instability of the complement and recommended the combined titra- 
tion for both fixing and hemolytic powers. Ilowever, we found their procedure 
a somewhat laborious one. The hemolytic and fixability fractions can be assured 
by using the pooled sera of many guinea pigs, which when kept under optimum 
conditions of freezing or preservation and daily titration, will give good results. 

In our laboratory pigs were bled once every week and the sera frozen in 
the refrigerator, 1 ¢.c. being placed in each of several test tubes. No comple- 
ment after being thawed was returned for refreezing. 

5. Patient’s serum heated at 56° C. for fifteen minutes. Milky or hemo- 
lyzed sera are to be avoided. 

As is recommended by Cohn, the inactivated serum is stored in the 
refrigerator overnight. Using freshly inactivated sera seems to give false 
serologic results due to increased lability of reactive substances. 

Employing the use of sheep cells to remove native amboceptor is to be 
discouraged because of the number of anticomplementary reactions which 
are liable to oceur. Too, large amounts of amboceptor are not easily removed 
by one absorption. The number of zone reactions which occur are so negligible 
that such technical complication is superfluous. 

6. Gonococcus polyvalent antigen. 

*Best polyvalent antigen available to us was donated by Parke, Davis & Co. 
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Hemolytic titration: As bacterial antigens are rarely hemolytic, this 
titration may be completely omitted. 

Anticomplementary titration: It is sufficient to titrate after the prepara- 
tion of the antigen, and once every two months thereafter. 

Antigenic titration: It is sufficient to perform this titration only once 
in every four to six weeks, using suitable positive control. In any ease, the 
dose (2 units) employed in the test should be one-half to one-fourth the anti- 
complementary unit. 

TABLE I 


ANTIGEN TITRATION USING HEATED GONOCOCCUS-POSITIVE SERA 


Antisera are not advisable as the antibodies vary so that the antigenic unit fluctuates ac- 
cording to the antiserum used. The antigenic unit is taken as the smallest amount of antigen 
giving complete inhibition of hemolysis. Two antigenic units are employed in the test. 








HEATED POSI- 
ANTIGEN TIVE SERA 
1:5 
C.C. 
0.5 1 37° C. water 37° C. water Read 
0.5 1 bath for 2 : bath for one 
0.5 1 hours hour 
0.5 ] 
0.5 ] 
] 
1 
] 


COMPLEMENT SENSITIZED 
2 FULL UNITS SHEEP CELLS 
C.C. C.C. 





0.5 
0.5 


and higher 
_up to 1:500 





TABLE II 


COMPLEMENT FIXATION TEST 


Readings are made as positive, doubtful, or negative. Positive is denoted by the in- 
hibition of hemolysis in one or more dilutions of serum; doubtful, by slight inhibition of 
hemolysis in one tube only. 








COMPLE- SENSI- 

ANTIGEN MENT TIZED 
2 UNITS 2 FULL SHEEP 

C.C. UNITS CELLS 
C.C. c.c. 
1 6° to 8” ©. 1 37° C. Read when 
1 refrigerator 1 water controls 
1 for 6 to 8 1 bath have 
1 
1 


SERUM SALINE 
C.C. C.C. 
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hours for cleared 
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Complement Fixation Test.—No evaluation of the degree of positiveness 
was attempted, but since the gonococeus antibody is produced in most eases 
in small amounts, we have employed 0.3 ¢.c. of serum in the first tube, a larger 
amount than usual. 

The sensitized sheep cells were prepared by mixing equal quantities of 
2 per cent cells with two units of amboceptor and 1 ¢.c. of the mixture is added 
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to each tube both in the test proper and the antigenic titration. The reactions 
have been clearer-cut and faster. 

We found that icebox incubation for six to eight hours was superior to 
fifteen to eighteen hours as it decreases the number of anticomplementary re- 
actions and nonspecific positives. This may be explained by the fact that there 
is less destruction or absorption of complement in a shorter incubation period. 

Readings of the test are made when antigen, serum, and negative controls 
have all cleared. This usually takes from ten minutes to twenty minutes. In 
this way weakly positive tests are not overlooked. 
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HEMATOCRIT TUBE CLEANER* 


ARTHUR ©. StTiRLING, M.D., Rocuester, N. Y. 


HE cleaning and drying of fine bore hematocrit tubes of the Wintrobe type 

have been for some years a problem to the laboratory technician, intern, or 
medical student. Since the use of the hematocrit tube for blood sedimentation 
and erythrocyte volume determinations is constantly extending, especially in the 
study of arthritis and in following the progress of tuberculosis and other infee- 
tions, there seemed to be merit in shortening at least one step in the process. The 
various methods employed to date have been time-consuming, bothersome and, 
if the blood is caked from long sitting, sometimes inadequate. The apparatus 
here described shortens the cleaning process to thirty seconds and eliminates 
the tediousness of other methods. The cleaner is conveniently used with equip- 
ment found in practically all hospital laboratories. 

The cleaner consists of a chromium plated metal tube tila as illustrated 
in Fig. 1. The short arm is beveled and fits into the end of a rubber tube at- 
tached to a suction system; the same apparatus employed in cleaning the ordi- 
nary hemocytometer pipette may be used. The long arm, made of smaller bore 
stock, is long enough to extend nearly to the bottom of a Wintrobe hematocrit 
tube. In position for use this cleaner arm fits loosely inside the tube. 


*From the University of Rochester School of Medicine and Dentistry. 
Received for publication, December 11, 1939. 
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Suction is applied at the beveled end which is connected to the rubber tubing. 
The hematocrit tube to be cleaned is slowly lowered over the long arm; the serum 
and packed blood cells are thus in great part removed. The cleaner with the 
hematocrit tube still in place is lowered into a wide-necked bottle containing 
water (Fig. 2). Water is sucked upward around the arm of the cleaner into the 
hematocrit tube and finally through the cleaner to the waste reservoir; the 
stream of water thus quickly removes clots of blood remaining in the tube. 
Agitation of the water, accomplished by repeatedly raising the tube above the 
surface of the water permitting bubbles of air to enter, increases the speed of the 
process. 








~ ee 
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Fig. 1. Fig. 2. 














Fig. 1.—Hematocrit tube cleaner showing beveled short arm for connection with suction 
system. 


Fig. 2.—Hematocrit tube cleaner with Wintrobe tube in place showing method of use 
with cleaning fluids. 

Following the use of water the cleaner and tube are lowered in a similar 
manner, first into a bottle of aleohol which removes the excess water, then into 
ether which removes the alcohol. Only small amounts of aleohol and ether are 
needed if ample water is used. When the hematocrit tube is slowly removed from 
the cleaner, it is thoroughly dried upon evaporation of the ether by the air sucked 
into it. 

Grateful acknowledgment is expressed to Mr. Raymond J. Bott of the Will Corporation, 


Dr. John S. Lawrence, Dr. Doran J. Stephens, and numerous others who have aided sub- 
stantially in the development of this instrument. 


The style of cleaner shown in Fig. 1 is available from the Will Corporation, Rochester, 
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A METHOD OF COLLECTING AND TRANSPORTING SMALL BLOOD 
SAMPLES FOR HEMOGLOBIN DETERMINATION* 







Mary E. Ewrne, A.B., anp N. R. BLatTHERWwIcK, PH.D. 
New York, N. Y. 









HE following procedure was evolved when it became desirable to determine 
the hemoglobin content of the blood of certain applicants for life insurance 
living at a distance from the laboratory. It allows the collection and trans- 
portation of small blood samples in a suitable condition for the determination 
of the hemoglobin content. The method is published in the belief that others 
may find it useful. 








Blood is collected by capillary attraction from a finger-tip puncture into a 
roughly ealibrated glass tube from which it is transferred into an accurately 
graduated pipette on being received in the laboratory. The tubes are lined with 
a small amount of hemolytic reagent and anticoagulant which are intimately 
mixed with the blood just after collection by tilting the tube and allowing the 
blood to flow from one end to the other. The tube is then sealed at both ends 
with plasticine and is sent to the laboratory in a kit designed for this purpose. 








The kit consists of a cardboard carton containing two cellulose acetate tubes 
with metallic serew caps. One tube holds a spring lancet for making the finger- 
tip puncture, the other carries three capillary tubes, one of which is sealed with 
plasticine to show how this is done, the other two are prepared for the blood 
collection. Only one tube is needed but an extra one is included in case of mis- 
hap to the first. The plasticine is packed into a screw cap like those used to 
close the cellulose acetate tubes and is inserted in a glassine envelope for pack- 
ing. To seal the blood tube after completing the collection, the ends are pressed 
through the plasticine against the metal cap several times until about 14 inch 
of the bore is compactly filled. A bundle of slides, each in a glassine envelope, 
is bound with a rubber band and included in the outfit if an examination of the 
blood film is desired. Directions for taking the blood sample are printed on a 
folder which is wrapped around the two container tubes when packing them in 
the mailing carton. The outfit is sent as first class mail and requires only 12 
cents postage. Similar kits are used for blood samples taken during sugar tol- 
erance tests and for the Kline serologic test. 

The capillary collection tubes are made from the smallest bore regular glass 
tubing available. The tubing has an: outside diameter of 3 mm. and a bore of 
approximately 1.4 mm. It is cut into lengths of 534 inches, and the ends are 






















*From the Biochemical Laboratory of the Metropolitan Life Insurance Co., New York. 
Received for publication, March 6, 1940. 
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smoothed down by rubbing on emery cloth or a similar abrasive. The tubes are 
marked with laboratory ink 4 inches from one end, the point to which blood 
is collected. On receipt in the laboratory the plugged ends of the tube are filed 
and broken off, and the blood is transferred from the tube to a 0.1 ¢.c. Folin 
capillary pipette by placing their tips together and allowing the blood to flow 
into the pipette. 

Potassium oxalate is used as an anticoagulant and saponin to hemolyze the 
blood cells. The blood must be hemolyzed when it is freshly drawn, otherwise 
the cells are likely to settle along the bore of the tube or at one end and cannot 
afterwards be as thoroughly mixed with the plasma as this method requires. 


Fig. 1.—Kit for obtaining and mailing small blood samples for hemoglobin determination 
and examination of blood films. One cellulose acetate tube containing the blood tubes and an- 
other holding the lancet are resting in the bottom of the mailer. The inner and outer covers of 
the mailer are shown. The cap containing the plasticine and the specimen tube sealed with 
plasticine are resting on the strip of paper. The blood tubes are shown at the left of the latter. 
The glass slides, glassine envelopes, a lancet, and a copy of the directions are also pictured. 


Between the time of collecting and analyzing the blood, a measurable amount 
of methemoglobin forms at the expense of the oxyhemoglobin. The analysis is, 
therefore, made according to Wu’s cyanhemoglobin method! which determines 
both forms of hemoglobin. Oxyhemoglobin is first converted to methemoglobin 
by adding potassium ferricyanide, and the methemoglobin is converted to ecyan- 
hemoglobin by the addition of potassium cyanide. The same procedure is ap- 


plied to a standard blood solution which has been adjusted to an oxygen capacity 
of 4 volumes per cent by the manometric method of Sendroy.? A colorimetric 


comparison of the blood samples with the standard gives their oxygen capacity. 
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PREPARATION OF THE BLOOD TUBES 






One-fourth gram of potassium oxalate (K,C,0, + H,O) is dissolved in 2 c.e. 
of water in a 50 cc. volumetric flask and 95 per cent ethanol is added until the 
oxalate is precipitated. 

Kight-tenths gram of saponin is mixed with a little alcohol in a small beaker 
until smooth and rinsed with alcohol into the 50 c¢.c. flask containing the oxalate. 
The volume is made up to the mark with alcohol. 

After thorough mixing, 2 or 3 ¢.c. of the alcoholic suspension are poured into 
a small beaker. The collecting tubes are filled to the mark to which blood is to be 
collected, and the particles are allowed to settle along the bore. Then a fold of 
an absorbent towel is applied to the tip of each tube in turn and the alcohol is 
drawn off as nearly as possible, leaving the oxalate and saponin in the tip of the 
tube. A slow current of air is then blown through the tip of the tube from a 
rubber tube, spreading the particles in a thin film in the bore of the tube. 
















DETERMINATION OF HEMOGLOBIN 






A quantity of blood (15 or 20 ¢.c.) is standardized by the oxygen capacity 
method and diluted with 0.4 per cent ammonia solution to an oxygen capacity of 
4 volumes per cent. This solution may be kept in an amber bottle in a re- 
frigerator for a month or two without appreciable change. 

One cubic centimeter of the standard blood solution is delivered into a 20 
e.c. volumetric flask and diluted with 4 ¢.c. of 0.4 per cent ammonia solution. 

Two cubic centimeters of 0.4 per cent ammonia solution are placed in a test 
tube accurately graduated at 10 ¢.c. One-tenth ecubie centimeter of blood is 
delivered into the tube, and the pipette is rinsed several times with the ammonia 
solution. 

One-fourth cubie centimeter of 0.4 per cent potassium ferricyanide solution 
is added to the blood sample and 0.5 ¢.c. to the standard. After twenty minutes 
0.25 ¢.c. of 0.1 per cent potassium cyanide solution is added to the unknown and 
0.5 ¢.c. to the standard. At the end of five minutes both solutions are diluted to 
the mark with water and the unknown is read against the standard in the 
colorimeter : 















20 S 
U 


The cyanhemoglobin color is very stable, thus lending itself admirably to 
photoelectric and photometric determinations. We use the Leifo photometer 
made by E. Leitz, and for such readings the blood samples are diluted four times 
more than for colorimetric determination. 





= Volumes per cent oxygen capacity. 
















EXPERIMENTAL RESULTS 


A series of 35 blood samples was kept at room temperature for periods vary- 
ing from four to nine days, and the results were compared with the original 
values obtained on freshly drawn samples which contained neither oxalate nor 
saponin. The results are given in Table I. It will be seen that the figures for 
the preserved samples are in good agreement with those for the original samples. 
The values for the kept samples did not vary more than plus or minus 5 per cent 
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from the original values. During a period of five months we have received 108 
blood samples collected by medical examiners in all parts of the country. These 
were entirely satisfactory for hemoglobin determination. Six samples were not 
collected satisfactorily. This is a good result when it is recalled that the pro- 
cedure is a new one for the examiners. 


TABLE I 


OXYGEN CAPACITY OF FRESH AND PRESERVED BLOOD SAMPLES 








OXYGEN CAPACITY IN VOLUMES PER CENT 
FRESH SAMPLE PRESERVED SAMPLE 
6 z0.0* 20:7 * 

6 18.8* 19:27 

6 184° 1726" 

6 2353" 20.9 

6 19.0* 18.2 

6 21.2* 216" 

18.4* 18.0* 

19.7 20.6* 

18.5 19.0* 

Zix 20.9 

17.9 

19.0 

17.9 

22.2 

19.5 

20.8 

19.1 

iv 

17.9 

20 17.9 

21 ; 17.9 

22 ) oe . 18.7 

23 ’ 20.1 
24 ) 9.6* 19.7 
25 } 9.47 20.0 
26 9, 20.4 
Af 9,0° 19.2 
28 20. 20.9 
29 a 74 
30 : 17.9 
31 ‘ 18.9 19.0 
32 9 , 16.5 17.4 
33 ‘ 16.6 16.3 
34 19.2 19.5 
35 20.9 21.3 
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*This value is an average of duplicate determinations. 


SUMMARY 


A simple and inexpensive procedure is given for obtaining small blood 
samples which are mailed to the laboratory from all parts of the country for 
hemoglobin determination. Similar procedures are also used for blood samples 


obtained during sugar tolerance tests and for the Kline serologic test. 
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A DISTILLING APPARATUS AND A PROCEDURE FOR THE 
DETERMINATION OF ALCOHOL IN BLOOD AND URINE* 






GEORGE W. JOHNSTON, M.S., AND R. B. Gipson, PH.D. 
Iowa City, Iowa 









HE apparatus permits the rapid distillation of the aleohol from blood or 

urine and its oxidation to acetic acid with dichromate and sulfuric acid under 
reflux. Thus the loss of alcohol and of the intermediate oxidation product, 
acetaldehyde, is avoided. Ground glass connections throughout and ease in 
cleaning reduce the chances of contamination with organic material to a mini- 
mum. The determination is simple. The specimen, mixed in picrie acid solu- 
tion, is distilled (Niclovx)* into dichromate solution, sulfuric acid is introduced 
through the reflux tube for the oxidation, and the excess dichromate is titrated 
in the receiving flask when cool with a ferrous sulfate-methyl orange mixture 
(Harger).? Duplicate analyses check usually within 1 per cent with a maximum 
error of not over 2 per cent. 

The apparatus, of pyrex glass, is shown in Fig. 1. Duplicate distillation 
flasks and three or more receiving flasks are desirable. The total cost should not 
exceed $50. A microburner is employed for heating. The apparatus is assembled 
with clamps and rings on an iron laboratory support stand. The set-up requires 
but little table space and may be left assembled for use. 














ANALYTICAL PROCEDURE 










Solutions —1. Standard dichromate, exactly 2.1288 Gm. of potassium di- 
chromate (analytical) are dissolved in and made up to 1,000 ¢.c. with distilled 
water. 

2. A saturated solution of picrie acid (recrystallized), approximately 12.5 
Gm. to 1,000 e.e. 

3. Titrating solution, a mixture of 60 ¢.c. of 50 per cent (by volume) sul- 
furie acid, 40 ¢.e. of 0.1 per cent methyl orange in N/40 sodium hydroxide, and 
2 «ec. of ferrous sulfate solution (50 Gm. erystals and 30 ¢.c. of concentrated 
sulfurie made to 250 ¢.c.), the mixture to be prepared the day the analysis is 
done, and cooled to room temperature before using. 










The Analysis—The apparatus and other glassware used are to be chemically 
clean. Pipette exactly 10 ¢.c. of the dichromate solution into each of two re- 
ceiving flasks and into two 250 ¢.c. Erlenmeyer flasks (to standardize the 
titration mixture). Introduce 20 ¢.ec. of picrie acid solution into each distilling 
flask along with a few chips of unglazed porcelain. Connect one receiving flask 
to the condenser. Pipette 1 ¢.c. of blood (after mixing the specimen) or of urine 















*From the Pathological Chemistry Laboratory of the University Hospital, the State Uni- 
versity of Iowa. 
Received for publication, April 29, 1940. 
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into one of the distilling flasks, attach the fractionating-connecting column, 
mix by rotation, and connect on a support ring and gauze to the condenser. See 
' that the ground glass joints fit properly. Distill over about 10 ¢.c., turn-off the 
burner, and remove the connecting column and distilling flask. Pour slowly 
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about 20 ¢.c. of concentrated sulfuric acid through the reflux tube of the con- 
denser into the receiving flask and mix by lifting and rotating the set-up. The 
heat generated by the sulfuric acid suffices for the oxidation. After ten min- 
utes disconnect the receiving flask and cool to room temperature. Repeat the 
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distillation and oxidation for a duplicate determination. Next add 10 cc. of 

water to each of the blank standard dichromate flasks and 20 ¢.c. of sulfurie acid, 

and cool to room temperature. The blanks and the unknowns in the receiving 

flasks are titrated with the red reducing titration mixture from a burette. The . 

color change is from an orange or yellow-green through a clear green to a solution 

with a slight reddish tinge. The end point is sharp and most satisfactory. 
Calculation—Ten times the distillate titration is divided by the blank 

titration, and the result is subtracted from 10.00. The figure thus obtained, when 

multiplied by 50, gives the milligrams per 100 ¢.e. of the sample. 









The apparatus and procedure described permit certain refinements for the 
determination of blood and urine aleohol content which should appeal to and 
will be recognized by the competent analyst. Regardless of the analytical pro- 
cedure employed, results which are presented as evidence in court should be 
checked by analysis in duplicate, a customary requirement for reliable com- 
mercial testing and for research data. The analytical method outlined above will 
facilitate such checking. 















Acknowledgment is made to Mr. Herman Wiegand of the Department of Chemistry for 
suggestions as to design and for the construction of this apparatus. 
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A RAPID SIMPLE TEST FOR SULFANILAMIDE AND ITS 
DERIVATIVES* 









Mitton M. Hartman, M.D., SAN FRANcIScO, CALIF. 






NOWING the desirability of having an instantaneous simple test which 
employs only one common, cheap, and stable reagent for drugs of the 
sulfanilamide group, I wish to report my original application of an old and 
hitherto overlooked principle of organic chemistry. The reagent is one which 
most physicians probably already have in their offices. The test is applicable 
.ai.titatively to urine and qualitatively to other body fluids. 

The tests heretofore, which are all either the original Marshall test or a 
nedifiecation of it, require the diazotization of the amino group on the benzene 
ring with nitrous acid and the coupling of the resulting compound in acid 
solution with dimethyl-alpha-naphthylamine (or a similar compound). An 
azo dye, usually red or purple, is thus formed and compared with a similarly 
treated standard solution in a colorimeter. This test, while very accurate and 
sensitive, requires four reagents, two or three intermediate filtrations, and for 
even a fast technician at least thirty minutes to perform all the steps and ob- 














*From the Department of Medicine, Stanford University Medical School, San Francisco. 
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tain complete color development. All this, plus the necessity of having to make 
‘up the nitrite solution fresh each time, the expense and often nonavailability 
of the coupling reagent, and the inevitable high cost and delay in obtaining 
the desired information, result in such tests being applied much less frequently 
in ordinary clinical practice than they should be. 

In my test the simple addition of para-dimethylaminobenzaldehyde 
(Ehrlich’s reagent) in an acid solution to the tissue fluid produces an imme- 
diate bright yellow color. In this test the aldehyde group of the reagent reacts 
with the free amino group on the benzene ring of the sulfanilamide, sulfapy- 
ridine, or sulfathiazole, ete. 


CH fee 
aes Mf ‘SHO 8 
‘ . ae ade a 

H 


Reagent Aniline Derivative Colored Reaction Product 


In the accompanying structural formula R may be any of numerous radicals 
in the para position. It may even be a hydrogen atom, for ordinary aniline 
gives a positive test. In order that the reaction may take place, it is necessary 
that the NH, (amino) group be unchanged; if even one of the H atoms is 
replaced by another radical, the reaction is blocked. Therefore it is a test for 
free (unchanged) sulfanilamide. In man these compounds are changed to 
a varying degree to the monoacetylated form. For example: 


Para-acetylaminobenzenesulfonamide 


If the total (free plus acetylated) amount of these compounds is desired, it is 
necessary only to heat with hydrochloric acid; in the resulting hydrolysis the 
acetyl group is split off and the original compound is obtained. Similarly, 
acetanilid (CH,.CO.NH.C,H,) does not give the test, but when it is hydrolyzed 
by heat and acid with the production of aniline (C,H,.NH.), the test is ob- 
tained. 


In order to understand the application of the test and its limitations, a 
brief study must be devoted to possible interfering substances and their elimina- 
tion. (Most of these interfere with the Marshall test also.) 

1. The reagent itself is yellow, and correction must, therefore, be made 
for it in a quantitative test. 

2. Bilirubin (bile pigment) in serum or urine imparts a yellow color to 
it. Dilution of the urine to 1:200 usually eliminates this interference. If the 
amount of bilirubin is excessive, it may be precipitated out as insoluble calcium 
bilirubinate by the addition of calcium chloride solution. 

3. Urobilinogen in urine yields a pink color upon addition of the reagent. 
Dilution of the urine to 1:200 does away with this interference in practically 
all eases. Shaking the urine with a few drops of hydrogen peroxide solution 
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to oxidize the urobilinogen to urobilin (which is nonreactive) is an additional 
precaution; this prevents the pink color formation even in concentrated urine. 

4. Other urine pigments can be disposed of by diluting the urine so that 
there is no perceptible yellowness and then applying the test. The urine may 
be diluted freely, for the compounds are detectable in a dilution of 1:5,000,000. 

5. Some drugs have a free amino group attached to a benzene ring. These 
would rarely be present without the knowledge of the physician, the drugs in 
question being procaine and the antisyphilitie arsenicals, arsphenamine, neo- 
arsphenamine, mapharsen, ete. 

6. Urea yields a faint yellow color when tested with the reagent, but since 
the test is about 500 times more sensitive to sulfanilamide than to urea, dilution 
of the urine or blood filtrate disposes of this interference. 

7. Drugs with an acetyl-amino group attached to a benzene ring which 
yield a free amino-benzene group on acid hydrolysis would interfere in the 
determination of total sulfanilamide. The only two compounds in this class 
are acetanilid and acetphenetidin (CH,.CO.NH.C,H,.0.C,H,). Neither of these 
compounds is ordinarily administered to a patient being treated with sulfanila- 
mide or its derivatives, the bone marrow already being subjected to sufficient 
hazard. 

8. Sodium nitrite yields a yellow color also, but the amounts administered 
would rarely if ever be quantitatively significant, and the color reaction is 
four times more sensitive with sulfanilamide and its related compounds. 

9. Alkalinity causes interference because the reaction is obtained only in 
acid solution. The reagent and sulfanilamide yield no color in an alkaline 
solution, but the yellow color appears immediately upon acidification. The 
reagent is, therefore, prepared. in concentrated hydrochloric acid as follows: 


Para-dimethyiaminobenzaldehy de 1.57 Gm. 
Concentrated hydrochloric acid, C. P. 20.00 e@.e. 
Distilled water to make 100.00 e@.e. 


This formula is very similar to Ehrlich’s reagent, which is already universally 
used as a test for urobilinogen in urine. The aldehyde is much more soluble 
in acid solution than in neutral solution. The exact proportions of reagent and 
acid were arrived at by experimentation to obtain the greatest color change 
in proportion to the color of the reagent itself. After the addition of the 
reagent the liquid to be tested should be definitely acid to litmus paper. If 
it is not, hydrochloric acid should be added until it is. This is particularly 
important with blood plasma and serum which are highly buffered at a pH of 
about 7.4. Protein precipitation may cause some interference and necessitate 
filtration. Excess acidification of any fluid is to be avoided because it reduces 
the color response after a certain point. 

10. All other usual drugs, alkaloids, inorganic salts, glucosides, ete., do not 
interfere. The test was applied to all the remedies mentioned in Useful Drugs. 


QUANTITATIVE DETERMINATION OF FREE SULFANILAMIDE, SULFAPYRIDINE, AND 
SULFATHIAZOLE IN URINE 


This method employs the Klett-Summerson Photoelectric Colorimeter with 
its No. 42 (blue) color filter. The results obtained agree exactly with those 
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obtained by the diazotization methods (after the corrections which the latter 
require). All figures refer to readings on this instrument with distilled water 
at zero, and for those who do not possess such a colorimeter the figures ob- 
‘tained can be used as a basis to establish a set of color standards or as a basis 
upon which the usual colorimeter can be used. Directions are as follows: 

1. Fill a Klett tube with distilled water and adjust colorimeter to give 
zero reading. Discard water. 

2. Prepare a 1:200 dilution of the urine. To 10 e.c. of this solution in 
the Klett tube add one drop of hydrogen peroxide solution and invert several 
times. 

3. Note reading R,. This usually runs from one to five but may go up to 
ten. 


4. Add exactly 0.2 ¢.c. of reagent and invert several times. 
5. Note reading R,. 
6. Calculate by use of formulas to find concentration in the diluted urine. 


Multiply by 200 to get concentration in original urine (undiluted). 


R,-Ri-98 
7.5 
R,—R,y-98 
5.18 
R,—-R,-98 
5.06 


= Parts per million of sulfanilamide 
= Parts per million of sulfapyridine 


= Parts per million of sulfathiazole 


The figure 98 is obtained as follows: 0.2 ¢.c. of reagent. in 10 ¢.c. of dis- 
tilled water gives a reading of 96 with several brands of pure para-dimethyl- 
aminobenzaldehyde that the author has been able to obtain. (It might be well 
to check your own supply of this compound and adjust the concentration so 
that this figure is obtained, or to note the value that you obtain yourself.) 
In a 1:200 dilution of urine the urea present adds 2 to this figure, giving 98. 
By way of orientation it may be noted that 1:10,000 potassium dichromate 
(icterus index 1.0) gives a reading of 106.0. The test is most accurate with 
values in the diluted urine of 2 to 30 parts per million. If more is obtained, 
the use of a 1:400 dilution is advisable. 

If a Klett colorimeter is not available, there are two other alternatives 
which give satisfactory results. The first is to match the color obtained with 
a set of permanent (stoppered) standards prepared from potassium dichromate. 
For example: 

0.0094% K,Cr,0, 
0.015% K,Cr,0, 
0.02%  K,Cr,0, 
0.025% K,Cr,0, 
0.03%  K,Cr,0, 


100.0 Klett = Approx. zero p.p.m. 

159.0 Klett = 7.9 p.p.m. Sulfanilamide 
212.0 Klett — 15.0 p.p.m. Sulfanilamide 
265.0 Klett = 22.0 p.p.m. Sulfanilamide 
318.0 Klett = 29.0 p.p.m. Sulfanilamide 


Hl Ut ll 


That is, R, is obtained by comparison, and R, is arbitrarily set at 2 in using the 
ealeulation formulas for the appropriate compound. The other alternative is 
to compare the color obtained in an ordinary colorimeter with 1:10,000 po- 
tassium dichromate, assigning to the latter the value of 106 and obtaining a 
value for R,. <A value of 2 can be assigned to R, and the formulas applied. 
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QUANTITATIVE DETERMINATION OF TOTAL (FREE AND PARA-ACETYLATED ) 
SULFANILAMIDE, SULFAPYRIDINE, AND SULFATHIAZOLE IN URINE 


Heat 1 ¢.c. of urine and 1 ¢.c. of 2 normal hydrochloric acid in a covered 
beaker in a water bath (boiling) for thirty to sixty minutes. Let cool. Neu- 
tralize to litmus with 2 normal sodium hydroxide. Add water to make up to 
200 e.c. Run determination as for free compound omitting the hydrogen perox- 
ide, which is no longer necessary. ; 


APPLICATION OF TEST TO OTHER BIOLOGIC FLUIDS (BLOOD, CEREBROSPINAL FLUID, 
GASTRIC CONTENTS, EXUDATES, ETC.) 


The test is applicable qualitatively, but there are so many uncontrollable 
factors affecting the final yellowness that quantitative estimations are very un- 
reliable. The more accurate diazotization method is to be preferred for quan- 
titative work on such fluids. In using trichloracetie acid filtrates of blood it 
is found that the color response is cut down below a usable level. In trying to 
use ethereal and alcoholic extracts of blood, we find that the varying color and 
turbidity plus the yellowness of the reagent cause insuperable difficulties. 

Note: The solution of the reagent in acid decomposes only very slowly under ordinary 


conditions. This change can be further minimized by storing the solution in a cold, dark 
place when it is not in use. 





A SIMPLIFIED UREA DETERMINATION FOR ROUTINE 


BLOOD CE 4&MISTRY* 


Hans Norsert NAuMANN, M.D., LouIsviLLe, Ky. 


HE determination of urea in blood ean be simplified by placing urease, to- 
gether with oxalate, in specimen bottles, so that the blood, still warm after 
withdrawal, is in contact immediately with urease. The urea, converted almost 
instantaneously, can then be determined by direct nesslerization in Folin-Wu 
filtrates which at the same time serve for the common routine determinations. 


TECHNIQUE 


One volume of sodium oxalate and two volumes of jack bean powder are 
mixed by shaking in a large brown bottle which serves as stock container.t For 
use, the powder mixture is filled into a salt cellar with a 5 mm. opening in the 
capt and the desired powder quantity obtained by tapping the cap of the salt 
cellar against the neck of the specimen bottle. (Accurate measuring is not neces- 
sary as the blood to be placed into the bottle is, as a rule, not measured either. 
One milligram of oxalate per 1 c.e. of blood is sufficient; 20 mg. per 10 c.e. of 
lla the Long Island College of Medicine Division, Kings County Hospital, Brooklyn. 

The present work was continued at the Jewish Hospital, Louisville. 


Received for publication, August 31, 1939. 

+This powder mixture, using jack bean meal of the Arlington Chemical Co., Yonkers, N. Y., 
has been kept at room temperature for six months at a time. 

tSuitable are glass salt cellars with screw caps of translucent plastic in which a hole can 
easily be bored. 
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blood offers a suitable excess. With a little experience, the volume of mixed 
‘powder to be taken is easily recognized.) Immediately after placing blood into 
the bottle, the latter must be rotated for thirty seconds to insure solution of the 
oxalate and even distribution of the urease. After five minutes at room tempera- 
ture the specimen is ready for precipitation: Take 3 ¢.c. of blood and 24 e.c. 
of N/12 sulfurie acid, rotate, and set aside for a few minutes. Then add 3 ee. 
of 10 per cent sodium tungstate, mix thoroughly, and filter through a 12.5 What- 
man No. 1 (yield: about 20 ¢.c.). If the precipitation is red brown instead of 
black brown, usually caused by too much oxalate, add a drop of concentrated 
sulfuric acid. The reagents are best kept in 50 ¢.c. burettes eonnected with 
storage bottles. 

For direct nesslerization 3 ¢.c. of Nessler’s reagent and 2 drops of 10 per 
cent gum acacia are placed in a test tube. Five cubic centimeters of filtrate are 
blown into the reagent and compared with 5 ¢.c. of a standard containing 
0.00707 per cent of ammonium sulfate (equal to 1.5 mg. per cent N and 0.5 per 
cent Na,SO,). Holding the tip of the pipette at the edge of the test tube, blow- 
ing as forcefully as possible, and directing the jet of filtrate directly into the 
Nessler reagent (prepared according to Bock-Benedict) gives the clearest solu- 
tions. Gum acacia (10 per cent in 0.25 per cent benzoic acid) is added to keep 
the solution stable for at least thirty minutes. The addition of sodium sulfate to 
the standard gives the same electrolyte concentration as in the filtrate, with an 
identical color tinge and an identical faint haziness after standing. If necessary 
the 8 ¢.c. of unknown solution are diluted with distilled water. 


TABLE IL 


COMPARATIVE ANALYSIS OF BLOOD SAMPLES WITH AND WITHOUT ADDITION OF JACK BEAN 
POWDER AFTER STANDING 3 TO 5 Hours AT RooM TEMPERATURE 








; __| MEAN OF RESULTS IN MG.%|  yfEAN OF 

ANALYZED FOR METHOD paps eernnswicas JACK BEAN POWDER DIFFERENCES 
ANALYZED - 

NOT ADDED ADDED 

Glucose Folin-Wu 125 118 125 
Creatinine Folin 52 1.91 1.90 
Uric acid Benedict 26 3.33 3.11 

Chlorides Whitehorn 21 469 469 
Nonprotein Folin-Myers 20 36.9 41.7 
nitrogen 
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Interference-—Before using the described technique generally for routine 
chemistry, it was necessary to investigate whether or not the addition of jack 
bean powder to oxalated blood interferes with the common routine tests. It will 
be seen from Table I that with the exception of nonprotein nitrogen determina- 
tions, the mean results obtained in samples without addition of jack bean agree 
within the limit of methodical error with those obtained in samples with addi- 
tion of jack bean. Nonprotein nitrogen values in samples containing jack bean 
powder are too high and cannot be used. However, the addition of jack bean 
powder to oxalated blood does not interfere with the determination of glucose, 
creatinine, uric acid, and chlorides in the Folin-Wu filtrate. 

Glycolysis—To prevent glycolysis it is possible to use, instead of oxalate, 
sodium fluoride, which, on the other hand, retards the urease action. In the 
presence of sodium fluoride and high urea concentrations the enzymatic reaction 
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takes about one hour at room temperature and about half an hour in the ineu- 
bator (see Table II), while in normal blood the reaction is completed in about 
thirty and fifteen minutes, respectively. High values obtained after twenty- 
four hours are due to the fact that ammonia is split off from protein as observed 
also by Sander. 

For longer preservation of blood samples, for sugar tolerance tests, in cases 
of diabetes, ete., the use of sodium fluoride is necessary. If urea is to be deter- 
mined in specimens containing sodium fluoride, completion of the hydrolysis of 
urea must be insured by allowing sufficient time for the reaction. For general 
routine work, however, oxalate is preferable, provided that the error due to gly- 
colysis is minimized by precipitating the blood either after five minutes or after 
a certain constant time, and allowing for the decrease of glucose concentration. 


TABLE II 


GLYCOLYSIS AND UREASE ACTION IN OXALATED AND SODIUM FLUORIDE SAMPLES OF THE 
SAME BLooD 








OXALATED BLOOD AND NaF BLOOD AND JACK BEAN 
TIME JACK BEAN AT 20° AT 20° AT 38° 
GLUCOSE UREA GLUCOSE UREA GLUCOSE 

5 min. 81 205 79 26 ~ 
15 min. 76 215 - 84 81 
30 min. 74 198 77 117 80 
60 min. 74 195 83 197 77 
120 min. 67 205 78 195 74 
180 min. 68 215 77 207 79 
24 hours 50 221 86 212 91 
48 hours 15 228 90 235 - 





























COMMENT 


The method of adding urease to oxalated blood, incubation, and subsequent 
direct nesslerization of the Folin-Wu filtrate was devised by Myers in 1921. This 
principle was adopted also by Van Slyke and Plazin, but without ineubation, and 
substituting Somogyi’s zine* for Folin-Wu’s tungstie filtration. 

The technique of placing oxalate-urease powder directly in specimen bot- 
tles, as described, was used in our department during the past year and proved 
advantageous for the following reasons: (1) Time and labor saving. (2) Elimi- 
nates incubation, urease extracts, and buffer. (3) Rapid action of urease. (4) 
Clear solutions. (5) No interference with routine determinations of glucose, 
creatinine, uric acid, and chloride. 


SUMMARY 


A routine urea determination in blood has been described with the tech- 
nical feature of placing an oxalate-jack bean powder mixture in specimen 
bottles effecting rapid hydrolysis of urea in the still body-warm blood. The 
urea is determined by direct nesslerization in the Folin-Wu filtrate which can 
be used also for other routine tests. 


I am indebted to Dr. Hamilton J. Crawford, Director of the Department of Medicine at the 
Long Island College Division, Kings County Hospital, Brooklyn, and Dr, Carl H. Greene, Clinical 
Professor of Medicine, for their help and interest in the present work. I wish to thank also Miss 
Sylvia Held, M.A., for doing part of the analyses. 


*Somogyi’s copper filtrate likewise gives true sugar values and contains less substances 
interfering with Nessler’s reaction. It is free of uric acid. 
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MODIFIED TECHNIQUE FOR PROTHROMBIN DETERMINATION 
IN BLOOD* 


H. S. Hotmsor, M.D., anp R. W. Hotmpor, B.A., Santa BarsBara, CALIF. 


HE tests for prothrombin content of blood in general use are those of Quick, 

Brinkhous, and Smith. The determination of prothrombin by the technique 
of Brinkhous and Smith involves many reagents and is difficult to perform. 
Quick, however, has evolved a method which is simple, accurate, and inexpen- 
sive, but there are several objections to his technique; namely, the reagents 
must be made up fresh for each determination, the concentration of thrombo- 
plastin is variable, and the normal time value for the method is too short. This 
favors error in reading and does not permit the measurement of prothrombin 
levels above normal. 

It was felt that these objections to Quick’s method were valid and that a 
modified test might be evolved which would overcome them. Early in our 
experimental work we investigated several sources of thromboplastin, namely, 
dried brain tissue from the rat, guinea pig, rabbit, sheep, and man. The varia- 
tion in results obtained with these sources of thromboplastin is shown in 
Table I. All tests were performed according to the technique of Quick.’? 

Subsequently the effect of varying the concentration of thromboplastin, 
plasma, and calcium chloride in different combinations was determined. 
These findings, as shown in Table II, may be summarized as follows: (1) 


*From the Department of Pathology, Santa Barbara Cottage Hospital. 
Received for publication, November 27, 1939. 
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Increasing the proportion of plasma decreases the prothrombin time. (2) 
Increasing the proportion of thromboplastin decreases the prothrombin time 
except in the case of thromboplastin from the rat. (3) There is an optimum 
concentration of calcium chloride for each type of thromboplastin. Increasing 
or decreasing this concentration prolongs the prothrombin time. (4) There is 
an optimal concentration of all reagents for each type of thromboplastin. 


TABLE I 


AVERAGE VALUES ARE GIVEN WITH STANDARD DEVIATIONS FOR EIGHT BLOOD SAMPLES 








THROMBOPLASTIN FROM PROTHROMBIN TIME (SECONDS) 
Rat brain 87 2.8 
Guinea pig brain 201 + 10.3 
Rabbit brain 32 0.9 
Sheep brain 118 6.2 
Human brain 72 1.8 


The tests were made with optimum concentration of reagents (see Table II). 





I+ E+ 1+ 1+ 








After a series of preliminary experiments and primarily because of its 
stability, an ether-soluble, acetone-insoluble extract of sheep brain was chosen 
as a thromboplastic agent for use in a modified technique. Its preparation is 
described subsequently. 

MODIFIED TECHNIQUE 


1. Plasma from oxalated blood is used. A mixture of 4.5 ¢.c. of blood and 
0.5 ¢.e. of sodium oxalate gives sufficient plasma for several determinations. To 
separate the plasma from the cells, the blood is centrifuged for fifteen to twenty 
minutes at high speed to throw down as much of the tissue debris and as many 
cellular elements as possible. . 

2. Into a small glass tube (serology tubes 3 by %» inches and 4 by % 
inches are adequate) 0.2 ¢.c. of plasma is accurately pipetted with a Kahn 
pipette. To this is added 0.2 ¢.e. of the thromboplastin solution. (Stock solu- 
tion is diluted with normal saline 1:5 on day of test.) 

3. The mixture is incubated at 37° C. in the water bath for seven minutes. 

4. The tube is then removed from the water bath, the outside of the tube 
is dried, and exactly 0.2 ¢.c. of calcium chloride is immediately added. 

5. The tube is then shaken to insure adequate mixing. It is slanted and 
rotated at fifteen-second intervals. The interval between the addition of the 
ealeium chloride and clot formation is measured with a stop watch. This con- 
stitutes the prothrombin time. 


REAGENTS 


1. Sodium Oxalate: 1.34 Gm. of C. P. anhydrous sodium oxalate are dis- 
solved in 100 e.e. of distilled water. This solution is tenth-molar and is nearly 
isotonic. 

2. Thromboplastin Stock Solution (ether-soluble, acetone-insoluble brain 
extract): A fresh sheep brain is washed in water. The meninges and blood 
vessels are carefully removed. The brain tissue is then cut into pieces as small 
as possible and is dried with acetone. Repeated additions of acetone and grind- 
ing in a mortar facilitate this process. The final product is freed of acetone 
by centrifuging, carefully decanting the acetone, and drying the powder in the 
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open air. The dry powder is then completely extracted with repeated small 
portions of ether until no precipitate is obtained by addition of acetone. To 
the combined portions of the ethereal extract, acetone is added until no more 
of the extracted material can be precipitated from the solution. The precipi- 
tated substance is separated from the ether-acetone mixture by centrifugation. 
It is then air-dried and kept in a stoppered vial in the icebox. The finished 
product is a light brown, waxy substance which darkens on standing. A normal 
yield from an average sheep brain is about 5 to 10 Gm. In the preparation of 
the stock solution 0.25 Gm. of the substance is emulsified in 50 ¢.c. of normal 
saline, and aqueous merthiolate is added as a preservative to a concentration of 
1:100,000. The saline suspension is warmed to 56° C. for ten minutes to facili- 
tate mixing, and during this time it is thoroughly shaken. The finished product 
is a homogeneous opalescent mixture which for test purposes is diluted 1:5 
with normal saline. We have kept the stock preparation in the refrigerator for 
as long as three to five months without the slightest evidence of deterioration. 
Brief experiments with a similar extract from rabbit brain revealed that it 
gave practically the same values for prothrombin time as did thromboplastin 
from the sheep brain. 

3. Calcium Chloride: 1.11 Gm. of C. P. anhydrous ealeium chloride is dis- 
solved in 800 e.c. of distilled water, giving a final concentration of eightieth- 
molar. 

All reagents except the thromboplastin are stored at room temperature. 


DISCUSSION 


The essential factors involved in such a test are multiple, each in turn 
having its separate influence upon the clotting phenomenon. Any test concern- 
ing the clotting mechanism must attempt to keep the variability of these fac- 
tors at a minimum. The following techniques have been found most important 
and difficult to standardize: 

The proportion of oxalate to whole blood is very important, and the ratio 
of 1:10 should be strictly adhered to. Experimentally, doubling the quantity 
of oxalate will increase the prothrombin time 200 per cent. Varying differences 
in prothrombin times may be obtained by concentrations between these extremes. 
Slight hemolysis in the sample of blood does not alter the prothrombin time 
appreciably, but gross hemolysis does shorten it sufficiently to invalidate the 
determination. 

Although it is desirable to determine the prothrombin time of a sample as 
soon as possible, oxalated whole blood will usually keep satisfactorily in the 
icebox for twenty-four hours without material alteration in the level of pro- 
thrombin if the plasma is not separated from the cells. Individual samples of 
blood have been kept as long as seventy-two hours, with an alteration in 
prothrombin content of only about 15 per cent. Recent work in connection 
with blood stored in ‘‘blood banks’’ indicates that most blood shows a marked 
deterioration of prothrombin within twenty-four hours and that it is almost 
depleted in forty-eight to seventy-two hours. The rate of destruction or fixa- 
tion is probably an individual characteristic and cannot be predetermined. 

It is important that the concentration of all reagents, and particularly 
neutral salts, be maintained at a uniform level. Normal saline must be used 
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in the thromboplastic solution because an excess of sodium chloride will mate- 
‘rially delay the clot formation. This phenomenon is not universal, and indi- 
vidual samples of blood vary in their susceptibility to this change. 

TABLE IIT 


TEST AS OUTLINED, USED IN ALL CASES 








INCUBATION PROTHROMBIN TIME (SECONDS) 


PERIOD CASE SPREAD AVERAGE 
(MINUTES ) | 4 
222 121 175.6 
86 5 20 79.5 
| 
| 














95 9: 30 85.3 
80 18 74.3 
72 13* 68.8* 
| 92 34 82.6 
10 88 102 ¢ 37 89.5 
12 | 6 93 108 98 | 40 94.2 


*Note minimum spread and shortest prothrombin time. 
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In the reading of the test the end point is taken as the time when the mix- 
ture first begins to show a fibrin web after gentle periodic rotation. Many 
times this point is coincidental with complete clot formation. Again it may 
precede complete clotting by ten to twenty seconds. Violent agitation of the 
tube after addition of the calcium chloride will delay the clot formation. 
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During the formation of a clot it has been determined that the pH of the 
solution is only slightly altered toward the alkaline side. Samples of serum 
before, during, and after clot formation do not vary appreciably in their pH 
range. Consequently in most instances it is not necessary to regulate this fac- 
tor since the normal buffer systems existing in the blood plasma are sufficient 
to keep the pH within normal limits under conditions of the test. 


TABLE IV 








TIME GROUP (SECONDS) PER CENT 


55-60 5.8 
60-65 18.1 
65-70 23.9 
70-75 j 26.8 
75-80 : 3 Be 
80-85 j 2.2 
Total f 100.0 
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The ineubation period is the time interval during which the mixture of 
thromboplastin and plasma stands before the addition of the calcium chloride. 
Table III shows the alteration in prothrombin times with varying periods of 
incubation. The period of incubation which gave the shortest prothrombin 
time and the most constant results was found to be seven minutes. The de- 
crease in prothrombin time to an optimum at seven minutes’ incubation is prob- 
ably due to the maximum release and formation of thrombin from the plasma. 
It is probably necessary for a given concentration of thrombin to be formed 
before it can act as an enzyme in the clotting mechanism. Although it is well 
known that, given sufficient time, a very small amount of thrombin can convert 
large quantities of fibrinogen to fibrin; there is apparently an optimum concen- 
tration at which it acts. The spread of individual determinations is probably 
due to the separate rates of release of thrombin or its precursor, prothrombin. 
Why there is an increase in prothrombin time with longer than seven minutes’ 
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incubation is not easily understood, since thrombin and prothrombin are be- 
lieved to be very stable. Some light may be thrown on this question by the 
work of Mertz, Seegers, and Smith,” who have suggested that an antiprothrombin 
is formed which may be thrombin itself. 

In all tests involving colloidal chemistry unexplained variations commonly 
oceur. If this fact is not recognized, considerable error may creep into their 
interpretation. For this reason, it is advisable to evaluate a normal control 
with each sample of supposed pathologic blood. It is also advisable, unless 
there is other clinical evidence of a prothrombin alteration, that all abnormal 
values be checked with repeated specimens of blood before therapy is instituted. 


CLINICAL EVALUATION 


For purposes of clinical evaluation of this test samples of blood from 250 
consecutive patients admitted to the Cottage Hospital were tested. None of 
these patients had clinical evidence of alteration in their blood prothrombin 
level. The spread of the entire 250 determinations was from a minimum of 55 
seconds to a maximum of 85 seconds. Table IV indicates that the range of 
normal values for this test lies between 60 and 80 seconds, with an average of 
70 seconds since 92 per cent of the cases fall in this bracket. The determina- 
tions of the prothrombin time ean be converted to per cent of prothrombin by 
considering the normal or 100 per cent to have a prothrombin time of 70 seconds. 

We also used this test as a diagnostic procedure on two patients who were 
suspected of having lowered prothrombin levels of their blood. An omentopexy 
was performed on one patient with advanced cirrhosis. During his con- 
valescence this patient developed bleeding from his gums and gastrointestinal 
tract. Prothrombin determinations were made, and an initial value of 187 
seconds was found. Therapy with vitamin K reduced this to 95 to 100 seconds, 
with a marked cessation in bleeding within a period of twenty-four hours. A 
second patient had marked jaundice of an obstructive nature and an elevated 
prothrombin time of nearly 200 seconds. Subsequent treatment with vitamin K 
reduced this to 85 seconds in the course of three days. 


SUMMARY 


Due to the objections to the present tests in use for the determination of 
prothrombin in blood, a modified technique has been evolved which overcomes 
these defects and in addition has the essential factors of adaptability, sim- 
plicity, accuracy, and economy. <A new thromboplastic agent which is stable 
and easily prepared has been made from sheep brain. The modified technique 
has been adequately tested clinically and has been found to be satisfactory. 
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AN INEXPENSIVE ALTERNATING CURRENT PHOTOELECTRIC 
COLORIMETER* 


RussELL H. Morecan, M.D.,f ANp SipNEY WEINHOUSE, PH.D.{ 
Cuicaco, IL. 


RECENT communication! described an inexpensive direct-reading photo- 

electric colorimeter suitable for clinical use and designed to operate from 
small, portable dry batteries. In some circumstances the use of an instrument 
operated from alternating current may be more convenient. Alternating cur- 
rent colorimeters that regulate their light source potential by means of so- 
‘alled constant-voltage transformers, however, have not been entirely satis- 
factory. Their erratic performance ean be traced to line-voltage variations, not 
completely minimized by the regulating devices that were available. Re- 
cently transformers with adequate control have been developed, making possible 
the modification of our battery colorimeter for use with alternating current 
without loss of stability or precision. The new model (Fig. 1) can be con- 
structed easily by anyone familiar with electrical apparatus from parts obtain- 
able at a very low cost from any radio or electric supply house. 


DESIGN 


The colorimeter shown schematically in Fig. 2 operates as a direct-reading 
instrument. A solution whose concentration is to be determined is subjected 
to the usual chemical procedure prerequisite to a colorimetric examination. A 
sample of the resultant preparation is placed in a test tube, and light from a 
small incandescent lamp is projected through it. The transmitted light, after 
passing through a selective color filter, falls on the sensitive surface of a photo- 
electric cell; in response to the radiation a small electric current is generated. 
The current is amplified many times by a vacuum tube amplifier and is re- 
eorded by a milliammeter. This reading is transposed into terms of solution 
concentration by a graph prepared after calibrating the instrument with 
samples of known concentration. 

The light source, L. S., is a lens-end type, No. 222 Mazda flashlight bulb. 
This lamp by its unique construction provides abundant light at relatively low 
filament temperatures, thereby assuring long filament life and freedom from 
undesirable heating effects. 

The selective color filters are of the Wratten gelatin variety and are obtain- 
able from the Eastman Kodak Co. We have found four types to suffice for all 
colorimetric examinations usually encountered in the clinical laboratory. These 
are the blue, No. 47, used in blood sugar determinations; the green, No. 58, 

*From the Henry Baird Favill Laboratory of St. Luke’s Hospital, Chicago. 
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used in hemoglobin, nonprotein nitrogen, urea nitrogen, uric acid, and creatinine 
determinations; the yellow, No. 8, used in calcium and phosphorus determina- 
tions; and the red, No. 25, used in cholesterol determinations. The choice of the 
proper filter for other determinations will be discussed later. 


The photoelectric cell, Ph, is a rubidium-coated R. C. A. type 926 phototube. 
Its spectral characteristics make it especially suitable for colorimetry. Although 
its current response to incident light is extremely small, expensive galvanom- 
eters or microammeters are not needed in its circuits because of the tube’s 
adaptability to current amplifier circuits. 


Pe Le ee ee ert 


Fig. 1.—The colorimeter. The control on the left changes selective color filters; that on the 
right operates the power switch and regulates light source intensity. 


The amplifier is a single stage, twin triode type. The two triodes of an 
R. C. A. type 6F8-G radiotron, V,, are arranged in a balanced Wheatstone 
bridge circuit in which plate resistances occupy two of the arms; R,, a 100-ohm 
potentiometer, and R, and R,, 1,000-ohm, 0.5-watt resistors, occupy the remain- 
ing two. The balance of the bridge is controlled by R,. The phototube current 
flows through R,, a 20-megohm, 0.5-watt resistor; the potential developed across 
it is applied directly to the grid of one of the triodes. To maintain the amplifier 
in a state of balance at all times, R,, another 20-megohm, 0.5-watt resistor, is 
connected between the grid of the other triode and ground. Proper grid po- 
tentials are obtained by Ra, a 200-ohm, 0.5-watt resistor. A 0-1 milliammeter, 
M. A., connected across the amplifier bridge, measures the amplified phototube 
eurrent. A 0.02-microfarad condenser, C;, inserted across R,, slows the action 
of the milliammeter. 

The great stability of a twin triode amplifier makes it preferable to other 
types. Several were set up in the laboratory and operated continuously for 
500 hours. All remained balanced during this time, even though line-voltage 
fluctuations often were as great as 10 per cent. When the power to an amplifier 
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was turned on after having been shut off for several hours, balance was not dis- 
turbed. Once an amplifier is balanced, therefore, subsequent readjustments 
are unnecessary. Another advantage of the twin triode amplifier is its linear 
current response. The balanced circuit arrangement makes linearity well within 
2 per cent easily possible. 
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ig. 2.—Schematic diagram of the colorimeter circuit. 


Electric power is obtained from 115-volt, 60-ceycle outlets. The necessity 
of maintaining light source potentials constant within very narrow limits is 
obvious. Excellently regulated current is provided for the colorimeter by the 
constant voltage transformer, 7',, a standard stock model, No. 3000, manufac- 
tured by the Sola Electric Co. of Chicago. The transformer delivers 30-volt 
amperes, and the 115-volt output is maintained within plus or minus 1 per cent 
for a total primary variation of 30 per cent. In contrast to many other trans- 
formers, regulation is instantaneous and unaffected by line transients. A simple 
half-wave rectifier cireuit, with an R. C. A. type 1-V radiotron, V., and a filter 
network composed of two 8-microfarad condensers, C, and ©,, and a 50-henry, 
15 Ma. choke, Ch, supplies direct current potentials to the phototube and to the 
amplifier plate circuit. The center-tapped 6.3-volt, 1.2-ampere transformer, 7’, 
supplies the filament potentials for the amplifier and rectifier tubes. It also fur- 
nishes the filament of the flashlight lamp through the resistor network R,, a 
5-ohm 0.5-watt resistor, R,, an 8-ohm potentiometer, and R,, a 20-ohm, 0.5-watt 
resistor. Intensity of the light source is controlled by R,. Power is turned on 
and off by a single pole, single throw switch, Sw, attached to the rear of R,,. 


CONSTRUCTION 


The various components of the colorimeter, with the exception of the con- 
stant voltage transformer, 7',, are assembled in a black steel cabinet, 7.5 by 7.5 
by 7 inches. The milliammeter, a 3-inch, square case model, and the potenti- 
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Fig. 3.—The subpanel layout. (©: and (C2, filter condenser block; CF, selective color filter 
assembly; Ch, filter choke; PS, phototube shield; Rs, amplifier balancing potentiometer; T2, 6.3 
volt transformer; TTR, test tube reeeptacle; Vi, amplifier tube socket; V2, rectifier tube socket. 
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Fig. 4.—A, optical system; a, circular glass plates with interposed selective color filters; 
b, filter control shaft; c, front panel; d, shaft bearing; e, projection chamber containing flash- 
light lamp; f, phototube and socket; g, phototube shield; h, subpanel; j, test tube receptacle. B, 
arrangement of selective color filters between circular glass plates. 
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ometer, R,, are mounted on the front panel; the remaining parts are placed 
inside the cabinet on a subpanel and arranged as in Fig. 38. 

The structural details of the optical system are shown in Fig. 4A. An 
aluminum block, 4 by 2 by 1 inches, drilled according to the specifications out- 
lined, forms a projection chamber for the flashlight lamp and a receptacle in 
which test tubes containing solutions to be examined can be inserted. The 
flashlight lamp is mounted in a miniature screw base socket firmly bolted to the 
block. Light passes from the projection chamber to the test tube receptacle 
through an opening 4, inch in diameter; another opening, * inch in diameter, 
on the opposite side of the receptacle, conducts transmitted light to the photo- 
tube, mounted directly in front of it within a metal shield, 3144 by 1% by 1% 
inches, to exclude stray light. 

The four selective color filters are mounted between two circular glass 
plates, 2 inches in diameter and 4g inch in thickness, having holes 545 inch in 
diameter drilled through the centers and sealed at the edges with Duco cement 
(Fig. 4B). This filter assembly is placed between the aluminum block and 
phototube shield and is bolted to a brass shaft, 3 inches long and 14 inch in 
diameter, supported by a bearing attached to the front panel of the colorimeter. 
By rotating the shaft the operator can quickly move any of the four filters into 
the path of the light beam. 
OPERATION 


Balancing the Bridge-—When the colorimeter has been assembled, the first 
procedure is to balance the amplifier bridge. The flashlight lamp is removed 
from its socket, the line cord plugged into an alternating current outlet, and 
the potentiometer, ,, rotated to the right. In the first few degrees of rotation, 
the switch, Sw, is closed and the power turned on. Before any adjustments are 
made, the colorimeter should operate continuously for twenty-four hours. Since 
new amplifier tubes require several hours of heating to become stabilized, efforts 
to balance the bridge permanently before stability is attained are wasted. When 
the prescribed time has elapsed, the potentiometer, R,, mounted on the sub- 
panel of the instrument, is rotated until the milliammeter needle is brought 
accurately to its zero scale position. The amplifier circuit is then balanced and 
needs to be readjusted only if an amplifier tube is changed. When the flashlight 
lamp is replaced in its socket, the colorimeter is ready for operation. 

Matching the Absorption Tubes.—Ordinary soft glass test tubes, 5 or 6 
inches long and %% ineh in outside diameter, are used as absorption cells. To 
obtain a set of tubes of identical light transmission, it is suggested that several 
dozen be purchased, cleaned carefully with sulfuric acid-dichromate cleaning 
mixture, and filled with distilled water. A sample tube is placed in the instru- 
ment, the power turned on, and the potentiometer, R,, rotated until the milli- 
ammeter needle is brought to any convenient position near full seale. The 
meter deflection produced by each of the tubes is noted, and those whose read- 
ings deviate more than 0.5 of 1 per cent from the mean are discarded. The re- 
maining ones are kept for colorimetric use. 

Choosing a Selective Color Filter—Photoelectric colorimeters measure the 
percentage light absorption of solutions submitted for examination. The re- 
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lationship between light absorption and solution concentration can be expressed, 
according to the Beer-Lambert law, by the equation, 


log per cent absorption = KCX, 


where C is the concentration of the solution examined, X is the length of the 
solution through which light passes, and K is a constant. For a particular set 
of matched absorption tubes, X is a constant; therefore, the concentration is 
proportional to the logarithm of the light absorbed or inversely proportional to 
the logarithm of the light transmitted. The value of K depends upon the wave 
length of the light transmitted by the solution. In some portions of the 
spectrum the absorption is relatively small; in regions corresponding to the 
positions of the solution’s characteristic absorption bands it is much greater. 
When various selective color filters that transmit light only in limited regions 
of the spectrum are used, the absorption can be made to have -a wide range of 
values. It obviously is desirable not to have the absorption too small, for then 
it becomes difficult to measure. On the other hand, it is evident by differentiat- 
ing the equation that, when the absorption becomes too great, large changes in 
concentration produce very small changes in light absorption, equally difficult 
to estimate. Satisfactory performance is attained if the absorption is restricted 
to less than 70 per cent of the incident light. Generally, a filter of the color 
complementary to that of the solution examined fulfills these conditions. In 
some instances, however, as for example in the Folin-Wu determination of 
blood sugar, the color density of the solution is so great that a filter having a 
color similar to that of the solution should be used. Regulation can be achieved 
in other ways, namely, by altering the amount of substance taken for analysis 
or by changing the volume of the final dilution. 

When the proper filter is to be selected, a solution is prepared having the 
maximum concentration desired to be determined. With a test tube of distilled 
water in the receptacle, the meter is set at full scale deflection by the po- 
tentiometer, R,. Then the distilled water is replaced by the colored solution, 
and the readings are noted with each of the four filters. That solution which 
produces a deflection not exceeding about 70 per cent of the full scale is chosen 
for the particular determination. 

Making a Determination.—A series of standard solutions having concentra- 
tions ranging from the lowest to the highest values expected to be encountered 
in the laboratory is prepared. A solution having zero concentration is also 
included. With the proper filter in place and a tube of distilled water in the 
receptacle, the meter is set at full scale deflection. The distilled water is then 
replaced in turn by each of the standard solutions and the meter reading of each 
recorded. 


Calibration of the instrument can be carried out in several different ways. 
One method is to determine the specific extinction coefficient, Es, in the equa- 
tion, 


log Te 
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where T, is the meter reading of the solution having zero concentration, T is 
the meter reading of one of the standard solutions, and C is its concentration. 
The mean of the various values of the coefficient can then be used to calculate the 
concentration of any solution according to the formula, 


oO 


T 
Esp. / 


A more direct method of calibrating the colorimeter is simply to make 
a graph plotting solution concentrations against the logarithms of the meter 
readings. A line is drawn through the points, and concentrations can be read 
directly from the graph. An improvement of this method is to plot the graph 
on semilogarithmic paper, with meter readings placed along the logarithmic 
axis. Observations then can be converted directly to concentration values with- 
out caleulation. Once the calibration curve is made, it is unnecessary to prepare 
standard solutions in making subsequent determinations, except as an occasional 
check or when new reagents are prepared. When a determination is made, the 
power to the instrument is simply turned on; two minutes are allowed for the 
amplifier and flashlight lamp to heat; the proper selective color filter is inserted; 
the potentiometer, R,, is adjusted for a full scale deflection of the meter with a 
test tube of distilled water in its receptacle; and the reading of the specimen 
is observed. The concentration is evaluated from the calibration curve. 

If a series of consecutive determinations is to be made, it is advisable from 
time to time to check the position of R,. Fatigue of the light source causes a 
slow drift of the meter needle, making slight readjustments necessary. When 
the colorimeter has been in operation for ten minutes, the rate of drift is 0.25 
of 1 per cent per minute. 

In addition to the general principles of operation outlined, no attempt will 
be made to discuss the application of the instrument to specific problems. Many 
recently published reports describe the use of direct-reading photoelectric color- 
imeters in a great many clinical laboratory procedures. 


log 
& = 


SUMMARY 


An inexpensive photoelectric colorimeter suitable for clinical use and de- 
signed to operate from alternating current outlets is described. Complete details 
of design, construction, and operation are included. Performance comparing 
favorably with that of commercial colorimeters can be expected. Operation is 
extremely simple. 
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SIMPLE, rapid and accurate procedure for the quantitative estimation of 

urinary bilirubin has been developed for use with the Sheard-Sanford 
photelometer. This instrument makes use of spectral filters selected to transmit 
light chiefly in the region of maximal absorption of the substance under test, 
and thereby deletes the effects of extraneous colored substances or other regions 
of spectral absorption which may be present in the solution. The photelometer 
also eliminates personal error in color matching and dispenses with the need for 







artificial standards. 

The photelometer is calibrated for bilirubin in the manner described by 
Osterberg, except that it is not necessary to evaporate the solution of bilirubin 
in chloroform to dryness. A weighed sample of bilirubin is dissolved in chloro- 
form, and serial dilutions corresponding to convenient concentrations of bilirubin 
are prepared. Two milliliter portions of these solutions, to each of which is 
added a small quantity of aleohol, are treated with 1 ml. of the diazo reagent and 
are made up with aleohol to a final volume of 10 ml. These solutions are com- 
pared with water in the photelometer. 

For the calibration in terms of bilirubin, a spectral filter that has its maximal 
transmission in the region of 530 to 550 my is chosen. It is most satisfactory 
to construct the calibration curve on semilogarithmic paper; this makes it easy 
to select any desired seale value (such as 50) as the reading which corresponds 
to a solution free of bilirubin. Less than full scale deflection may be desired when 
small amounts of solution are to be examined; for, if light passes above the 
meniscus of the solution, the accuracy of the readings is lost. 
















METHOD 







A method for the determination of urinary bilirubin is herein proposed. 

Solutions.—1. Caffeine sodio-benzoate and buffer solution. Mix equal parts 
of a 25 per cent solution of caffeine sodio-benzoatet in distilled water and Séren- 
sen’s phosphate buffer pH 6.6. The buffer is most conveniently prepared{ by 
mixing 60 ml. of one-fifth molar potassium dihydrogen phosphate (13.617 Gm. of 
KH,PO, in 500 ml. of water), 40 ml. of one-fifth molar dibasic sodium phosphate 
(17.814 Gm. of Na,HPO,-2H.O in 500 ml. of water), and 200 ml. of water. 












*From the Mayo Clinic, Rochester. . 

Received for publication, March 25, 1940. 

+Caffeine sodio-benzoate (U. S. P. X) is defined as “a mixture of caffeine and sodium 
benzoate which contains, when dried to a constant weight at 80° C., not less than 47 per cent 
nor more than 50 per cent of anhydrous caffeine (CsH1002N1), and not less than 50 per cent nor 
more than 53 per cent of sodium benzoate (NaC7H;0O2).”’ 


tModified from the description of Clark. 
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2. Acid blank solution. Dilute 7.5 ml. of concentrated hydrochloric acid with 
water to make one liter. 

3. Diazo reagent. Note that although this diazo reagent contains the same 
substances as Ehrlich’s diazo reagent and many of its modifications (such as the 
so-called van den Bergh reagent), the concentrations are less in the one de- 
scribed here. 

I. Sulfanilie acid (C,H,(NH,) (SO,H) + 2H.O) 1 Gm., concentrated hydro- 
chlorie acid 15 ml., and water to make one liter. 

II. Sodium nitrite (NaNO.,) 0.5 Gm. and water to make 100 ml. For use, 
take 0.3 ml. of solution II to 10 ml. of solution I, and dilute with water to make 
20 ml. 


PROCEDURE 


To each of two tubes, ‘‘blank’’ and ‘‘test,’’ add 2 ml. of fresh centrifuged 
urine and 2 ml. of caffeine sodio-benzoate and buffer solution (1). Mix well by 
rotating the tubes, and let stand for ten minutes or a little longer. To tube 
‘blank’? add 1 ml. of acid: blank solution (2) and 5 ml. of water. To tube 
‘“test’’ add 1 ml. of diazo reagent (3) and 5 ml. of water. 

Let both tubes stand for ten to fifteen minutes. With the same filter which 
was used in calibrating the photelometer in place and the contents of the 
‘‘blank’’ tube in the test cell, adjust the instrument to the scale value which 
corresponds to a solution free of bilirubin, and then substitute the contents of 
tube ‘‘test’’ in another cell. From the seale reading and the calibration curve, de- 
termine the content of bilirubin. If the content of bilirubin in the urine is too 
high to be read within the range of the instrument, the urine may be diluted with 
water, and the test repeated. 


SPECTROPHOTOMETRIC AND PHOTELOMETRIC EXPERIMENTS 


With methods hitherto employed for the quantitative determination of 
urinary bilirubin, it has been necessary to resort to adsorption of the bilirubin 
to an inert precipitate (Hunter,’ Naumann, Jendrassik, and Grof) in order to 
avoid interference from other urinary substances. In the case of the procedure 
which we have described, this same result is achieved through control of the 
pH of the reaction mixture and use of the urine (a colored solution), prop- 
erly diluted, as a ‘‘blank’’ for adjusting the photelometer before taking a read- 
ing. To demonstrate the validity of this procedure, we have made certain spectro- 
photometric studies of solutions of bilirubin, urine, and bilirubin in urine. 

If a sample of urine from a jaundiced patient is treated with caffeine sodio- 
benzoate, diazobenzenesulfonic acid in hydrochloric acid solution,* and is buf- 
fered to a final pH of 4 to 5.5., a definite red tint appears. The spectropho- 
tometric comparison of such a solution with water in terms of percentage of 
light transmitted at various wave lengths is shown in Fig. 1 (eurve a). A similar 
comparison of the same urine treated with caffeine sodio-benzoate, buffer, and 
an amount of hydrochloric acid equivalent to that in the diazo reagent (that is, 
the ‘‘blank’’ solution already described) is shown in Fig. 1 (curve b). The 
sample to which diazo reagent has been added transmits much less light in the 


*Hereinafter designated the ‘“‘diazo reagent.” 
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region between 500 and 600 mp than does the untreated sample. In the region 
between 450 and 520 my, however, various urinary pigments cause a considerable 
reduction in the light transmitted by the untreated sample. An allowance for 
this absorption, common to the two samples, is made by comparing the sample 
to which the diazo reagent has been added with the sample untreated (except 
for identical acidification, buffering and dilution), instead of with water. The 
resulting percentage transmission of light at various wave lengths is shown in 
Fig. 1 (eurve c); there has appeared, as the result of the addition of the diazo 
reagent, a distinct zone of increased spectral absorption with a maximal value 
between 520 and 540 mp. The spectrophotometric measurement of the light 
transmitted by a solution of purified bilirubin treated with the diazo reagent in 
a mixture of chloroform, aleohol, and water is represented in Fig. 1 (curve d) 
and is essentially identical in character and spectral region of maximal absorp- 
tion with that represented in Fig. 1 (curve c). 





a —Urine ( jaundiced patient) + diazo reagent. 
b— Urine (jaundiced patient ). 

c-— Sample a compared with b as standard. 
d- Bilirubin + diazo reagent. 
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’ Fig. 1.—Spectrephotometric transmission curves; a, of urine (diluted 1:4) from a jaun- 
diced patient after the addition of acetate buffer, diazo reagent, and water, compared with 
water as a standard; b, of urine (diluted 1:4) from the same sample after the addition of 
acetate buffer, acid blank solution, and water, compared with water as a standard; ec, of the 
solution represented by curve a when compared with the solution represented by curve b instead 
of water as a standard; d, of pure bilirubin dissolved in chloroform, diluted with alcohol, treated 
with the diazo reagent, and compared with water. 


In Fig. 2 (curve a) is shown the spectrophotometrie curve of light transmit- 
ted by a mixture of phosphate buffer, aleohol, diazo reagent, and bilirubin dis- 
solved in sodium carbonate solution (compared with water). A portion of the same 
sample of bilirubin dissolved in sodium carbonate solution was added to normal 
urine. <A portion of the resulting mixture was treated with caffeine sodio-ben- 
zoate, buffer, and the diazo reagent, and was compared spectrophotometrically 
with another portion of the mixture treated with caffeine sodio-benzoate, buffer, 
and hydrochloric acid only. Fig. 2 (curve b) shows the percentage transmission 
of light then obtained at various wave lengths. Both the spectrophotometric 
curves obtained for bilirubin in chloroform and carbonate solutions after treat- 
ment with the diazo reagent, and the curve obtained after adding the same re- 
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agent to bilirubin in urine (using the untreated urine as a standard) are of the 
‘same general character and exhibit the same zone of absorption, with maximal 
absorption at 520 to 540 mu. 





a-Bilirubin, carbonate solution + diazo reagent. 
b- Urine + bilirubin + diazo reagent . 
c— Transmission of photelometric filter. 
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Fig. 2.—Spectrophotometric transmission curves; a, obtained when bilirubin dissolved in 
a solution of sodium carbonate is treated with the diazo reagent in the presence of phosphate 
buffer (pH 6.6) and alcohol, and compared with water as a standard; b, obtained when a mix- 
ture of normal urine and bilirubin dissolved in a solution of sodium carbonate is treated with 
caffeine sodio-benzoate, phosphate buffer, and diazo reagent, and compared with the same mix- 
ture treated with caffeine sodio-benzoate, phosphate buffer, and acid blank solution as a stand- 
ard. Curve c represents the percentage of incident lizht transmitted at various wave lengths by 
the photelometer filter used in these experiments. 





a—Urine (jaundiced patient ). 
b—Urine (jaundiced patient) + diazo reagent. 
c- Sample b compared with a as standard. 
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Fig. 3.—Spectrophotometric transmission curves; a, of urine from a jaundiced patient, 
treated with caffeine sodio-benzoate, phosphate buffer, and acid blank solution, as described in 
the text, and compared with water as a standard: b, of a sample of the same urine treated with 
caffeine sodio-benzoate, phosphate buffer, and diazo reagent, as described in the text, and com- 
pared with water as a standard; ec, of the solution represented by curve b when compared with 
the solution represented by curve a, instead of water, as a standard. 


Oxyhemoglobin has bands of spectral absorption with their maximal values 
at 542 and 578 mp, respectively, and, therefore, it might be presumed that blood 
would interfere with the photelometric determination of bilirubin. A specimen 
of urine from a jaundiced patient was divided into two portions: to the first 


*Intact erythrocytes, of course, would be removed by centrifugation, along with other 
debris, from any sample ordinarily submitted to the test. 
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was added a quantity of hemolyzed blood,* and to the second an exactly equal 
amount of distilled water. The curves of Figs. 3 and 4 show how the use of the 
untreated urine blank compensates for the presence of added hemoglobin. In 
Fig. 3 curve a represents the spectrophotometric transmission of the portion 
diluted with water, prepared as for the ‘‘blank’’ solution, and compared with 
water; curve b contains the data on the same sample after treatment with the 
diazo reagent as already described; and curve c shows the resultant percentage 
transmission of light when the treated urine is compared with the untreated urine 
as a standard. In Fig. 4 curve a represents the spectrophotometric transmission 





a— Urine (jaundiced patient) + hemolyzed blood. 
b— Same mixture asa + diazo reagent. 
c— sample b compared with a as standard. 
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Fig. 4.—Spectrophotometric transmission curves; a, of urine from a jaundiced patient 
(the same sample as used for the curves of Fig. 3), with added hemolyzed blood, treated with 
caffeine sodio-benzoate, phosphate buffer, and acid blank solution, and compared with water as 
a standard; b, of the same urine-hemolyzed blood mixture treated with caffeine sodio-benzoate, 
phosphate buffer, and diazo reagent, and compared with water as a standard; c, of the solution 
represented by curve b when compared with the solution represented by curve a as a standard, 
instead of with water. 


for the portion to which the hemolyzed blood was added and demonstrates the 
typical absorption curve of oxyhemoglobin superimposed on that of the urine 
alone; curve b represents the spectrophotometric transmission of the urine- 
hemoglobin mixture after the addition of the diazo reagent (compared with 
water) ; and curve c represents the spectrophotometrie transmission of the urine- 
hemoglobin-diazo mixture compared with the untreated urinc-hemoglobin mix- 
ture. It is obvious that curve c in Fig. 4 is essentially identical with curve c in 
Fig. 3. 


Specimens of urine from several jaundiced patients were divided and 
treated as just described, and were then assayed for bilirubin in the photelometer. 
The data are presented in Table I; they clearly demonstrate that the added 
hemolyzed blood does not impair the accuracy of our method. 


We have shown by the foregoing experiments (a) that the development of 
typical diazobilirubin is not hindered by urinary constituents, and (b) that 
under the conditions which we have specified, diazobenzenesulfonie acid does not 
couple with urinary constituents other than bilirubin to produce a colored sub- 
stanee having a zone of absorption in the region between 500 and 600 mp. We 
have also shown that pre-existing urinary pigments which produce some absorp- 
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tion in the spectral region with which we are concerned (that is, 520 to 540 mz) 
are entirely compensated for by the use of the diluted acidified urine, untreated 
with the diazo reagent, as a standard for spectrophotometric or photelometric 
comparison. 

TABLE I 


EFFEcT OF ADDING HEMOLYZED BLOOD TO URINE 








MILLIGRAMS OF BILIRUBIN PER 100 ML. OF 
URINE | URINE + HEMOLYZED BLOOD 
3.20 3.20 
1.30 1.35 
0.70 0.70 
1.03 1.03 
1.70 1.65 





NUMBER 











When spectrophotometric determinations are made of the transmissions of 
normal urine before (Fig. 5, curve a) and after (Fig. 5, curve b) treatment with 
the diazo reagent, both identically diluted and compared with water, it is again 
apparent, as in the case of urine from a jaundiced patient (Fig. 1, curves a 
and b) that there is a greater absorption of light in the region of the shorter 
wave lengths after the addition of the diazo reagent. When the sample to which 
the diazo reagent has been added is compared spectrophotometrically with the 
untreated sample, however, no characteristic band of absorption appears (Fig. 5, 
eurve c). This is probably due to an overshadowing effect of the unchanged 
urinary pigments. Since the photelometer deletes the effect of the increased 
absorption which appears to be produced in the deep blue region, this may be 
disregarded. We know of no other naturally occurring substance in the urine 
which could react with the diazo reagent under these circumstances to 
develop the color characteristic of diazobilirubin. Because the transmission 
eurves for the normal urine coupled with the diazo reagent are them- 
selves inconclusive, and because with larger amounts of bilirubin the charac- 
teristic absorption band of diazobilirubin develops, we are justified in the con- 
clusion that the maximal absorption of light in the region of 520 to 540 mp which 
occurs in urine treated with diazobenzenesulfonie acid as already described is 
due to bilirubin. 

The importance of maintaining an acid reaction when assaying urine for 
bilirubin as we have described follows from a consideration of the coupling re- 
actions known to occur with diazobenzenesulfonie acid in sodium carbonate solu- 
tion. This reaction. was introduced by Pauly, and together with its modifica- 
tions has been extensively applied by a number of investigators (Clifford,* Hanke 
and Koessler,'® Hunter,® * Nakayama,'* Hewitt, and others) to many substances, 
notably the phenols, imidazoles, and certain amino acids. Several of these are 
ineluded among the seventy possible urinary constituents deseribed by Thier- 
felder. A few of them, biliverdin, urobilin (Ehrlich), xanthine, hypoxanthine, 
guanine (Hunter*), phenol, and histamine have been specifically tested with the 
diazobenzenesulfonie acid reagent in acid solution and have been found to pro- 
duce no color which could interfere with the test for bilirubin. Hunter’ stated 
that aromatic amines (of which there are none in Thierfelder’s list) will react 
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with diazobenzenesulfonie acid in acid solution, but he added that ‘‘there has 
never been any question of its specificity in biological fluids for bilirubin.’’ 
We feel that this conclusion is strongly confirmed by the spectrophotometrie¢ 
curves which we have presented. 
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b-Normal urine + diazo reagent 

c—dample b compared with a 
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Fig. 5.—Spectrophotometric transmission curves; a, of normal urine treated with caffeine 
sodio-benzoate, phosphate buffer, and acid blank solution, and compared with water as a stand- 
ard; b, of the same sample treated with caffeine sodio-benzoate, phosphate buffer, and the diazo 
reagent, and compared with water as a standard; c, of the solution represented by curve b com- 
pared with the solution represented by curve @ as a standard, instead of water. 
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Fig. 6.—Curves representing postoperative fall in total serum bilirubin and urinary 
bilirubin, expressed in milligrams per 100 ml., over a period of time measured in days. The 
data were obtained from a case of obstructive jaundice due to carcinoma of the head of the 
pancreas. The serum bilirubin values were determined by the method of Malloy and Evelyn. 


The ‘‘Ehrlich diazo reaction,’’ as described in current texts on clinical 
pathology (for instance, Todd and Sanford), is made in ammoniacal solution. 
Just what substance produces the test is not definitely known, although it has 
been studied by Hunter,’ Sachs and Schmidinger, Miyazaki, and Nakayama. 
What we have said about the Pauly reaction applies equally well to the ‘‘ Ehrlich 
diazo reaction,’’ 
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The phosphate buffer which we have included in our reaction mixture serves 
chiefly to prevent the coagulation of albumin by the acid diazo reagent and to 
maintain the final pH in the range (4 to 5.5) most favorable for the charac- 
teristic red color of diazobilirubin. 

Although alcohol is generally relied on to insure complete coupling of the 
diazo reagent with bilirubin in blood serum, it is unsatisfactory for this purpose 
in urine, because hazy solutions usually result, even though there be no precipi- 
tation of albumin, and in many instances the development of color is inhibited. 


TABLE II 


ACTION OF ALCOHOL ON THE DEVELOPMENT OF DIAZOBILIRUBIN COLOR IN URINE 
(Values expressed in milligrams per 100 ml. of urine) 








DILUTION 
WITH ALCOHOI: | WITH WATER 


I 1 0.27 0.47 

2 0.29 0.43 
0.15 0.33 
0.35 0.12 
0.51 0.53 
0.51 0.53 
0.13 0.63 
0.24 0.37 
0.31 0.45 
0.08 0.15 
0.03 0.07 
0.15 0.38 
0.08 0.43 
0.31 0.49 
0.43 0.33 


0.43 0.78 
0.37 0.43 
0.40 0.47 
0.26 0.38 
0.36 0.48 
Method I: 5 ml. of methanol or water plus 1 ml. of diazo reagent (or acid blank solution), 
plus 4 ml. of urine; centrifuge. 


Method II: same as Method I, except that the urine was acidified with hydrochloric acid 
to pH 5.5 to 6 before adding the test solutions. 


_ Method III: 2 ml. of centrifuged urine, plus 2 ml. of phosphate buffer pH 6.6; plus 1 ml. 
of diazo reagent (or acid blank solution), plus 5 ml. of water or methanol. 


METHOD NUMBER 


























*Buffered to pH 6.6 with phosphate buffer before the test. 


The generally higher values of the aqueous solutions shown in Table II probably 
reflect the greater accelerating action of urea, which Adler and Strauss discov- 
ered in an effort to determine the nature of the ‘‘direct’’ and ‘‘indirect’’ van den 
Bergh reactions in blood serum. They found that caffeine sodio-benzoate, urea, 
and certain other diuretic substances greatly accelerated the development of a 
maximal degree of color by the diazobenzenesulfonie acid coupling reaction with 
bilirubin. Caffeine sodio-benzoate in 25 per cent solution can be added to urine 
without the formation of a precipitate and, as shown in Table III, frequently aids 
in the development of the maximal depth of color and in the prevention of hazi- 
ness. Fig. 2 (curve b) shows that this color is the same as the color developed 
in other solutions which contain bilirubin. Because of the inevitable presence 
of urea in urine, the terms ‘‘direct’’ and ‘‘indirect’’ can have no significance as 
applied to urinary bilirubin. 
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TasLe III 


EFFECT OF CAFFEINE SODIO-BENZOATE ON THE DEVELOPMENT OF DIAZOBILIRUBIN COLOR IN URINE 
(Values expressed in milligrams of bilirubin per 100 ml. of urine.) 








NUMBER | WITHOUT CAFFEINE | WITH CAFFEINE 


19 0.30 0.55 
20 0.30 0.40 
2] 0.99 0.70 
22 0.66 0.70 
23 1.57 1.57 
24 1.25 1.35 
25 0.78 | 0.93 
26 Hazy 3.90 
Solutions without caffeine were treated as follows: 2 ml. of urine, 2 ml. of phosphate 


buffer, 1 ml. of diazo reagent (or acid blank :solution) and 5 ml. of water. Solutions with 
caffeine were treated as described in the text. 











TABLE IV 


QUANTITATIVE RECOVERY OF BILIRUBIN ADDED TO URINE 








MILLIGRAMS OF BILIRUBIN PER 100 ML. OF 


SAMPLE iaieia BILIRUBIN URINE + BILIRUBIN yi ae 
SOLUTION ANTICIPATED FOUND 

0.58 1.08 1.66 1.55 93.5 
0.55 1,17 1.72 65 96.0 
0.47 1.06 1.53 : 94.8 
0.51 1.09 1.60 . 109.4 
0.37 1.09 1.46 . 102.7 
0.40 0.90 1.30 96.2 
0.45 0.90 1.35 85.1 
0.23 0.92 100.0 
0.53 9.30 9.83 94.6 
0.60 3.10 3.70 102.1 


*Average recovery 97.4 per cent; range 85.1 to 109.4 per cent. 
{This solution became faintly hazy on the addition of the bilirubin to the urine. 
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The final test of any analytical procedure is the accuracy of its quantitative 
recovery of the test substance. The application of this inquiry to bilirubin in 
urine is vastly complicated by the virtual insolubility of bilirubin except in 
highly alkaline mixtures or in organie substances which are immiscible with 
water. After many experments it was found that bilirubin dissolved in a solu- 
tion of urea and sodium earbonate, a mixture* prepared and furnished through 
the generosity of Dr. David Klein, Director of the Wilson Laboratories, could be 
added to urine in most instances without precipitation and without making the 
solution sufficiently alkaline to invalidate the test. The procedure was as fol- 
lows: 1 ml. of the diluted bilirubin solution was placed in each of two 10 ml. 
volumetric flasks, and was made up in the one instance with urine and in the 
other with distilled water to the volume of 10 ml. In a third 10 ml. volumetric 
flask were placed 1 ml. of distilled water and 9 ml. of urine. From each of these 
mixtures, 2 ml. were then taken for testing according to the method that we 
have described, the diluted urine being used as a ‘‘blank’’ for the urine alone and 
the urine plus bilirubin, and distilled water as the ‘‘blank’’ for the bilirubin 


. 


*The original mixture contained in each milliliter 22 mg. of bilirubin, 300 mg. of urea, and 
10 mg. of sodium carbonate. This solution is made up at the rate of 300 mg. of urea and 22 mg. 
of bilirubin per 100 ml. The average daily excretion of urea in normal urine is such that a 
concentration of at least 1,000 mg. per 100 ml. is maintained. It may be that even though the 
urine is acid, the bilirubin excreted by the kidneys is held in solution in some way by the urea 
present. 
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alone. On the average, as shown by the results in Table IV, 97.4 per cent of the 
added bilirubin was recovered. 

The test here described was developed in connection with certain experi- 
ments on the excretion of bilirubin in which a quantitation of urinary bilirubin 
seemed desirable. In Fig. 6 are shown the relative concentrations of serum 
bilirubin and urinary bilirubin from a patient whose obstructive jaundice was 
subsiding postoperatively. 

SUMMARY 


On the addition of an acid solution of diazobenzenesulfonie acid to urine 
that contains bilirubin, the typical color of diazobilirubin is developed. The use 
of a suitable phosphate buffer prevents the precipitation of albumin and main- 
tains the pH of the reaction mixture in the zone between 4 and 5.5. Caffeine 
sodio-benzoate may be added to assure the development of the maximal depth of 
color and to aid in the prevention of haziness. It is emphasized that the Pauly 
reaction and the ‘‘ Ehrlich diazo reaction’’ take place in alkaline solution. 

Spectrophotometric curves show that the red color developed in urine on 
the addition of caffeine sodio-benzoate, phosphate buffer, and acid solution of 
diazobenzenesulfonie acid can be used to estimate bilirubin in the photelometer, 
provided the instrument is standardized against a similarly diluted sample of 
the untreated urine. 
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GRANULOMAS, Venereal and Non-Venereal of the Vulva, von Haam, E. J. A. M. A. 
114: 291, 1940. 


The macroscopic and microscopic pictures of 155 cases of infectious granulomas of the 
vulva were observed in the laboratory for venereal diseases in New Orleans. 

Because of the fundamental difference in diagnosis and therapeusis, a subdivision of 
infectious granulomas into the groups of venereal and nonvenereal lesions is recommended. 

The presence of several etiologic factors in one pudendal granuloma could be proved in 
1i cases. Various tests for the correct diagnosis of granulomas of mixed etiology have been 
evaluated. 

Proper treatment of a granuloma of the vulva should be deferred until a complete 
diagnosis of the lesion has been reached. This will be greatly facilitated by the liberal use 
of laboratory methods. 


THYROID DISEASE, A New Diagnostic (Galactose) Test for, Althausen, T. L., Lockhart, 
J. C., and Soley, M. H. Am. J. M. Se. 119: 342, 1940. 


A new clinical test for activity of the thyroid gland based on the rate of intestinal 
absorption of galactose is described. It consists of oral administration of galactose followed 
by determinations of galactose in the blood thirty and sixty minutes later. 

Data from 121 control subjects and 130 patients with hyperthyroidism show that the 
average maximal concentration of galactose in the blood of patients with hyperthyroidism 
was three times greater than normal and that clinically the test was comparable in reliability 
to estimations of the basal metabolic rate. 

Following thyroidectomy, the galactose tolerance test was normal in almost all cases. 

Advantages of the galactose test are that it is more sensitive than the basal metabolic 
rate in cases of low-grade hyperthyroidism, and that its outcome is not influenced by hyper- 
ventilation in anxiety states or by cardiac dyspnea. A disadvantage of the test is that the 
presence of hepatic insufficiency or of Paget’s disease interferes with its use for the diagnwvsis 
of thyroid disease. 

In myxedema abnormally low galactose tolerance curves were observed, indicating that 
the galactose test can be used also in the diagnosis of this condition. 

The technique of the test follows: 


Forty grams of galactose (Pfanstiehl) dissolved in 400 e.c. of water and flavored with 
lemon juice were administered by mouth after the patient had fasted overnight. Specimens 
of blood were obtained from the cubital vein before, and 5, 15, 30, 60, and 120 minutes* after 
administration of galactose. 

The glucose fraction of the blood was removed by fermentation with ordinary yeast, 
according to the method of Somogyi as modified by Raymond and Blanco. 


Preparation of Yeast——A weighed amount of fresh commercial yeast (Fleischmann’s) 
is suspended in 5 to 10 parts of water, centrifuged, and decanted. This is repeated until 
the supernatant liquid is clear and colorless and gives no reduction test (6 to 7 washings). 
The yeast is then suspended in 10 parts of water. In this condition it will keep in a refrigera- 
tor for about two weeks. 


Use of the Hagedorn-Jensen Method.—Two-tenths cubic centimeter of blood is collected 
into an accurately calibrated pipette (the authors use 0.2 ml. in 0.001 ml. Kahn pipette 
*At present the authors consider the 1 


5-minute specimen relatively unimportant, ex 
line results. 


5- and 120-minute specimens unnecessary, and the 
cept when the test is repeated on account of border- 
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No. 37036), and transferred to 2.3 ¢.c. of distilled water, rinsing the pipette once or twice 
with the solution. One cubic centimeter of the 10 per cent yeast suspension is then added, 
the contents are mixed by tapping the tube against the hand, and after four or five minutes 
0.5 ee. of tungstic acid solution (prepared freshly by mixing equal volumes of 10 per cent 
sodium tungstate and 3% N sulfuric acid) is added. The test tube is covered with the thumb, 
and the contents are mixed quickly by inverting. After standing a few minutes, the mixture 
is centrifuged at high speed. One cubic centimeter of the clear filtrate is used for titration. 

Use of the Folin-Wu Method.—The yeast is washed in the usual manner and a 20 per cent 
yeast suspension is prepared. To 2 e.c. of oxalated blood 14 ¢.c. of the yeast suspension and 
4 c.c. of the tungstic acid solution are added. This mixture is filtered, and 2 ¢.c. portions of 
the filtrate are used for sugar determinations. 

The figure for nonfermentable reducing substances in the fasting blood is subtracted 
from the corresponding figure in the remaining specimens to obtain the galactose content of 
the blood titrated as glucose. In order to obtain the true value for galactose, which has a 
lower reducing power than glucose, 24 per cent must be added to the last figure. 

Galactose is used in this test because, while having a rate of absorption very similar 
to that of glucose, it has the advantage that, unlike glucose, it can be identified in the blood. 


HEMATURIA, Diagnostic Value of Occult, Barach, J. H., and Pennock, L. L. J. A. M. A. 
114: 640, 1940. 


Orthotolidine is a sensitive test for occult hematuria. A positive orthotolidine reaction 
was found in one-third of 681 general medical cases of the so-called chronic diseases. It is 
less common in youth, with more intact vessels, and it is more common in females than in 
males on account of the greater source of bleeding in the female generative tract. Seasonal 
variation pointed to the highest incidence during the summer months. Albuminuria and 
occult blood are found independently of each other, each having its own significance. Glyco- 
suria is not a cause of occult bleeding. Arsenicals in therapeutic doses do not cause occult 
bleeding. Alkalinity or acidity of the urine is not a cause of occult bleeding. In patients 
showing persistent occult hematuria, hypochromie anemia is common. A review of the type 
of case in which the strongest reactions occurred reveals that these reactions were most pro- 
nounced in the clinically recognized serious types of disease and that the test reflects the 
patient’s actual condition. 


STREPTOCOCCI, Human Hemolytic From Diseases of Children, Boisvert, P. L. Am. J. 
Dis. Child. 59: 281, 1940. 


The Lancefield group precipitin test gave consistent results and seems well adapted for 
epidemiologic use. The results suggest that infants and children are no more, and may 
be less, susceptible than adults to infection by hemolytic streptococci or groups other than A. 
It seems significant to the author that during a period of over a year all the strains of 
hemolytic streptococcic infections and their possible sequelae should belong in the one group, 
group A. Thus, 509 strains of group A hemolytic streptocoéci were consecutively obtained 
from 262 pediatric patients. 

Infants and children are no more susceptible than adults to infection by hemolytic 
streptococci of groups other than A. 

This study is being continued and is now in its fourth year. The only exception to date 
is the isolation this fall of a group F hemolytic streptococcus from the blood of a 7-year-old 
child with a nonfatal septicemia. 


PERICARDIUM, Milk Spots, Nelson, A. A. Arch. Path. 29: 256, 1940. 


Pericardial milk spots occurred in 170 (24.4 per cent) of 494 persons 1 year or more 
of age. In 439 persons 18 or more years of age the incidence was 37.6 per cent. In general, 
there is an increase of incidence with age, but this increase is by no means rectilinear. The 
spots are scarce in children and very frequent in old age, but between 35 and 75 years of age 
there is little change in incidence. 
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There seems to be a definite association with chronic or recurrent valvular heart disease ; 
of 42 persons with such disease, 28 (66.7 per cent) showed spots. Patients with severe 
‘ coronary sclerosis and enlarged hearts showed fairly definite increases (50.0 and 47.9 per cent, 
respectively). 

The occurrence of more than one spot is slightly more frequent than that of only one. 
Spots occur on the right side, anteriorly, and on the ventricles much more frequently than 
they do on the opposite surfaces. 

Old pleural adhesions are slightly more frequent in patients with spots than in those 
without. 

Fifteen or 20 per cent of spots show appearances (projecting villi, cellular exudation, 
subepithelial, palisading, or epithelial enclosures in collagenous tissue) which suggest transi- 
tions from a more active inflammatory process to the usual type of milk spot. 


SULFAPYRIDINE THERAPY, Nature of the Renal Lesion With, Stryker, W. A. J. A. 

M. A. 114: 953, 1940. 

Precipitation of acetylsulfapyridine in the kidney was found at autopsy of a patient 
after treatment with sulfapyridine. The marked dilatation of cortical tubules and glomerular 
spaces, characteristic of kidneys in cases of sulfapyridine toxicity, seems to depend on intra- 
tubular precipitation of the drug or its compounds. There is a possible explanation for the 
previous difficulty in demonstrating the material in histologic sections. 


DEXTROSE TOLERANCE, Tests of the New Born, Ketteringham, R.C. Am. J. Dis. Child. 
59: 542, 1940. 


By the Jeghers-Myers modification of the Folin-Malmros ferricyanide micromethod, the 
blood sugar values of 16 normal newborn infants, 5 to 10 days old, ranged from 70 to 95 
mg. per hundred eubic centimeters three and one-half to four hours after feeding, with a 


mean of 81 mg. 

Dextrose tolerance tests were made on 15 normal infants. Oral administration of 1.75 
Gm. of dextrose per kilogram of body weight, as a 10 per cent solution, with blood sugar 
determinations one-half, one, two, three, and four hours after the midpoint of the period 
necessary for ingestion, produced an average maximum level of 145 mg. per hundred cubic 
centimeters. Two distinct curves were present; the blood sugar value of formula-fed infants 
reached a mean maximum of 143.2 mg. at thirty minutes, while that of breast-fed infants 
reached a mean maximum of 142.6 mg. at one hour. 

Response to the dextrose meal was higher than in previously reported work; apparently 
these infants responded just as young adults do. The hypoglycemic reaction of Foster was 
encountered in 11 of the 14 babies tested. 

Infants of diabetic mothers were more difficult to test than were the controls, and the 
curves produced seemed less reliable than those of the controls, owing to technical factors 
which could not be regulated. One infant who had previously showed the clinical signs of 
hypoglycemia had a strikingly erratic curve. 

The Exton-Rose one hour, two-dose test, modified to the dose-weight principle, was 
administered to 3 normal infants, but the nature of the divided dose leads one to believe this 
technique unsuitable for the newborn. 


GONORRHEA, Culture Method in the Diagnosis of, A New Medium, Pitts, A. C. Ven. Dis. 
Inform. 21: 67, 1940. 


A relatively simple medium for the culturing of gonococci has been described. 

This medium is a variation of the Schwartz-Davis medium and consists of a testicular 
infusion agar to which sterile hydrocele, ascitic, or pleural fluid is added. It has proved a 
most satisfactory medium for primary cultures. 

The preparation of the medium follows: 

Infuse 500 Gm. of minced sheep testicles in 1 liter of distilled water overnight in the 
ia " fa hl ats “ Pe Ae O r ; » ; ale a1 . ; 
icebox. (The testic les should be from recently killed animals.) Strain through gauze, boil 
vigorously for one-half hour, and strain through gauze again. Restore volume with distilled 
water and boil another one-half hour to complete coagulation, strain through gauze and 
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filter through paper. If coagulation is complete, filtration will be relatively easy by the use 
of suction; if coagulation is not complete, it is advisable to boil the infusion a little longer. 
Restore volume and add: 





20 Gm. bacto-peptone 
5 Gm. sodium chloride 
5 Gm. dextrose 









fod 


Adjust the reaction to pH 7.8 (pH should be between 7.4 and 7.6 after autoclaving) and 






add: 





20 Gm. bacto-agar 





Heat until agar is melted (autoclaving the mixture twenty minutes is a satisfactory 
method), filter through gauze and cotton, and tube approximately 5 c.c. per tube. Autoclave 
for thirty minutes at 10 pounds’ pressure. When cooled to 50° C., add approximately 2 e¢.c. 
of sterile hydrocele fluid, rotate the tube to insure an even mixture, and slant. As soon as the 
agar is hardened, replace the cotton stoppers with rubber ones; it is important to do this as 
soon as possible in order to retain a maximum amount of moisture in the tubes. This medium 


will keep in the incubator for several months. 









UREA, Rapid Methods for the Determination of, in Blood and Urine, Scott, L. D. Brit. 
J. Exper. Path. 21: 93, 1940. 





1. Centrifuge tubes graduated at 5 ¢.c., and thick-walled test tubes of approximately 
6 by 54 inches. 

2. Pipettes of 0.2 ¢.c., 1 ¢.¢., 2.5 ¢.¢., and 3.5 ¢.c. capacity. 
Two 5 ¢.c. microburettes graduated to 0.05 c¢.e. 

. N/20 and N/100 sulfuric acid. 

Approximately N/50 sodium hydroxide. 

No. 1 Whatman filter papers of 5.5 cm. diameter. 

. Absolute alcohol and redistilled or ‘‘ Analar’’ acetone. 

8. Special mixed indicator: 

Stock Solution A: 0.02 per cent methyl red in 60 per cent (by volume) absolute alcohol. 
The solid methyl red should be ground up with absolute alcohol in a small mortar till com- 
pletely dissolved, and transferred to the 100 c¢.c. flask by repeated washings with absolute 
alcohol in the usual manner. Forty cubic centimeters of water are added and the volume 
is brought to 100 ¢.c. with absolute alcohol. 

Stock Solution B: 0.10 per cent aqueous methylene blue. 

The indicator is prepared by adding 1 ¢.c. of the methylene blue (solution B) to 15 c¢.c. 
of methyl red (solution A). The mixture, if green in color, is brought to a very faintly acid 
reaction by adding N/10 hydrochloric acid drop by drop with constant shaking until the 
solution just turns reddish purple. This solution keeps indefinitely if stored in an amber 
ground glass-stoppered bottle. It is reddish purple in acid solution, and bright green in 
alkaline solutions. 

9. Neutral ‘‘Urease-Dunning’’ enzyme suspension: 






oot 







sO Ole 












Four 25 mg. tablets of ‘‘Urease-Dunning’’ are thoroughly ground up in a small mortar 
with 4.5 ¢.c. of N/100 sulfuric acid. When an even emulsion has been obtained, 0.2 ¢.c. of 
the mixed indicator is added. The extract, if correctly prepared, has a grayish buff colora- 
tion (the neutral point of the indicator) and keeps in the refrigerator for one month. 







Determination of Urea in Blood.—Into one of the 5 ¢.c. graduated centrifuge tubes, 
containing 3 to 4 cc. of absolute alcohol or acetone, pipette 1 ¢.c. of serum, oxalated whole 
blood, or plasma. As it is impossible to remove the last traces of blood from the pipette 
by sucking up and blowing out with alcohol in the usual manner (due to the pipette becom- 
ing clogged with precipitated blood protein), the pipette must be allowed to drain thor- 
oughly for about one minute, and the last traces of blood removed by expelling the air. By 
this procedure not more than 0.01 ¢.c. of blood is retained in the pipette. The centrifuge 
tube is now securely stoppered and vigorously shaken, after which the volume is readjusted 
to 5 cc. by the further addition of a few drops of absolute aleohol or acetone, as the case 
may be, to counteract the reduction in volume due to the formation of alcoholic hydrates. 
Mix again by shaking well and centrifuge at high speed for two to three minutes, or filter 
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through a No. 1, 5.5 em. paper. After filtration the precipitated blood protein contained in 
the filter paper should be disturbed by very gentle stirring with a small glass rod, otherwise 
‘the 2.5 ¢.c. of filtrate may not always be obtained from bloods rich in metaprotein. Measure 
2.5 ¢.c. of supernatant fluid or filtrate into one of the thick-walled test tubes and add 3.5 c.e. 
of water. The alcoholic extract becomes slightly opalescent due to the partial precipitation 
of blood fat by the lowered alcoholic concentration. Three-tenths cubic centimeter of spe- 
cial indicator is added and the alkaline reaction (green) brought over to the acid side 
(reddish purple) by the addition of N/20 sulfuric acid, with thorough mixing after the 
addition of each drop. The alcoholic extract varies in alkalinity according to the blood 
bicarbonate content. Fiftieth-normal sodium hydroxide is carefully added until the reac- 
tion is just alkaline again, and the reaction finally brought over to the very faintly acid 
point of the indicator by the addition of N/100 sulfuric acid, drop by drop, with constant 
shaking. By this readjustment of the pH, final titration with relatively strong acid is 
avoided, enabling the starting point of the reaction to be controlled to within one drop of 
N/100 sulfuric acid, which in terms of blood urea is approximately 1 mg. per 100 c.e. 
Finally, 0.35 ¢.c. of well-shaken neutral urease suspension is added, and after thorough mix- 
ing, the tube is securely stoppered and heated in the water bath at 50° to 55° C. for ten to 
fifteen minutes. Remove the tube from the bath and titrate with N/100 sulfurie acid until 
slightly acid (the original reddish purple starting point of the reaction). The titration 
value in cubic centimeters multiplied by 60 equals milligrams of urea per 100 ¢.c. of blood. 

Determination of Urea in Urine.—For the estimation of urea in urine a 1:50 dilution 
of the specimen is made with distilled water (with small quantities of urine 0.2 ¢.c. can be 
measured with a blood pipette into 9.8 ¢.c. of water) and after mixing well, 5 ¢.c. is pipetted 
into a thick-walled test tube and 0.3 ¢.c. of indicator is added. The faint greenish colora- 
tion obtained with the majority of urines is due to the urine being alkaline to the special 
indicator. Adjustment is made to the faintly acid side of the indicator by the addition of 
N/100 sulfuric acid drop by drop. One-half cubie centimeter of well-shaken neutral urease 
suspension is now added, the tube is securely stoppered, and the mixture (which turns green 
almost immediately) is heated in the water bath at 50° to 55° C. for five minutes. The 
ammonium carbonate so formed is back titrated with N/20 sulfurie acid till just reddish 
purple, i.e., the original starting point of the reaction. The titration value in cubic centi- 
meters multiplied by 1.5 equals grams of urea per 100 ¢.c. of urine. 


BLOOD, A Familial Hematopoietic Disorder in Italian Adolescents and Adults, Wintrobe, 
M. M., Matthews, E., Pollack, R., and Dobyns, B. M. J. A. M. A. 114: 1530, 1940. 


Fourteen individuals, members of three Italian families representing three generations 
in one family and two in another, have been examined and have been found to have cer- 
tain abnormalities. 

In four marked poikilocytosis, microcytosis, hypochromia, and stippling of the red 
biood cells as well as corpuscles resembling targets were observed. In addition, there were 
increased resistance of the red corpuscles to the hemolytic action of hypotonic saline solu- 
tions, splenomegaly, and bilirubinemia or urobilinuria. One of these patients also had 
erythroblastosis in the sternal bone marrow and slight osteoporosis. 

In four persons all the abnormalities mentioned except splenomegaly were found. In two 
children there was slight splenic enlargement without significant changes in the blood. Of 
the remaining four persons, all females, there was microcytosis without other significant 
changes in two, and slight macrocytosis as well as stippling in two. 

This disorder may be considered to be a benign form of Cooley’s anemia or Mediter- 
ranean disease. 

This condition and Cooley’s anemia appear to be the result of an inherited defect in 
the production of red corpuscles whereby corpuscles are formed with an adequate or exces- 
sive membrane which contains little substance. As a result the cells can withstand the 
hemolyzing effect of hypotonic saline solutions more readily than normal cells. The other 


characteristics of the disorder are explained by the assumption that they are due to attempts 
to compensate for the faulty red blood cell formation. 





REVIEWS 








Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 








The Fundamentals of Internal Medicine* 


ESIGNED primarily for the introduction of students to the study of internal medicine, 
this volume, nevertheless, contains good chapters dealing with otolaryngology, ophthalmol- 
ogy, and dermatology. Because photographs of dermatoses show up better in white persons 
than in Negroes, it is felt that the section on dermatology would be improved by changing 
such illustrations. A chapter on dietetics is also provided. 
The work is intended to provide the foundation upon which the superstructure of more 
detailed and extensive knowledge may be built. In this aim it succeeds admirably. 





Cancer} 


HIS volume was prepared by a committee representing the Massachusetts Medical Society 
and the American Society for the Control of Cancer. It is intended for the general 
practitioner and is designed to aid him in the diagnosis of early cancer and to suggest the 
treatment recognized at the present time. Chapters on cancer of the various organs are 
written by men especially interested in the subject. 
The discussion of the care of the patient with advanced cancer, and neurologic 
methods of relief of pain are also handled in an able manner. 
The various organizations for the control of cancer, local and national, are described. 
There is a concluding chapter on suggestions for talks on cancer to lay audiences. 
The book is brief and is not intended to take the place of the more extensive treatises 
in the field. 
It is felt that this is excellent propaganda, using the word in its best sense. 





Manson’s Tropical Diseases+ 


ROBABLY the outstanding text in its field, this book has now come into the eleventh 
edition. Although the term ‘‘tropical medicine’’ is in general usage, it is perhaps a mis- 
nomer. One has only to recall the Chicago outbreak of amebiasis, the cases of malaria in 


*The Fundamentals of Internal Medicine. By Wallace Mason Yater, A.B., M.D., M.S. 
(in Medicine), Professor of Medicine and Director of the Department of Medicine, Georgetown 
University School of Medicine; Physician-in-chief, Georgetown University Hospital; Physician- 
in-chief, Gallinger Municipal Hospital, Washington, D. C., Formerly Fellow in Medicine, the 
Mayo Foundation, Rochester, Minn. Cloth, 1,021 pages. D. Appleton-Century Company, Inc. 
New York, N. Y., and London. 

7Cancer—A Manual For Practitioners. The Committee on Publication: George W. 
Holmes, M.D., Chairman; Ernest M. Daland, M.D.; Shields Warren, M.D.; and Channing C. 
Simmons, M.D., Editor. Cloth, 284 pages. Boston, Mass., 1940. 

¢tManson’s Tropical Diseases. A Manual of the Diseases of Warm Climates. Edited 
by Philip H. Manson-Bahr, C.M.G., D.S.O., M.A., M.D., D.T.M.; and H. Cantab, F.R.C.P. 
Lond., Senior Physician to the Hospital for Tropical Diseases, London, the Albert Dock 
Hospital and the Tilbury Hospital; Consulting Physician to the Colonial Office and Crown 
Agents for the Colonies; Consultant in Tropical Diseases to the Royal Air Force; Director, 
Division of Clinical Medicine, London School of Hygiene and Tropical Medicine; Lecturer on 
Tropical Medicine to the London Hospital, the West London Post-Graduate College, and the 
North-Eastern Post-Graduate College; Corresponding Member of the Societe de Pathologie 
EXxotique; Member of the Washington Academy of Medicine; late Examiner in Tropical Medi- 
cine to the Conjoint Board of the Royal College of Physicians and Royal College of Surgeons, 
England, and to Cambridge and Hongkong Universities; Author (with A. Alcock) of “The Life 
and Work of Sir Patrick Manson,” 1927; and ‘‘The Dysenteric Disorders,’’ 1939. Cloth, ed. 11, 
revised, 1,083 pages, 18 color plates, 15 halftone plates, 364 illustrations in text, 6 maps, and 28 
charts, $11.00. A William Wood & Co. book. Williams & Wilkins Co., Baltimore, Md., 1940. 
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narcotic addicts, the widespread incidence of intestinal parasites, and the great amount of 
bacillary dysentery, to realize that we have many ‘‘tropical’’ diseases in this country. In 
addition to a standard description of these and many other diseases, the book contains a 
section on life in the tropics of great value to anyone contemplating a trip or an extended 
sojourn into tropical climates. Anyone called upon to give advice to such persons will not 
be disappointed if he seeks information at this source. 





Clinical Diabetes Mellitus and Hyperinsulinism* 


N THIS easily readable book the author has limited himself to clinical considerations 

describing procedure which in his extensive experience has proved most effective in the 
recognition and treatment of diabetes mellitus and its complications. Extended considera- 
tion of the theory of carbohydrate metabolism, the physiology of experimental diabetes, 
and tke pathology of diabetes are omitted. 

Description of techniques of diagnosis, diet, and insulin (old and new) is given in 
sufficient, but not excessive, detail. Much attention is directed toward the ills which so 
often are concomitant. Chapters are devoted to surgical operations and to pregnancy in 
diabetes. 

A thorough section is afforded to hyperinsulinism in the last part of the book. There 
is a good bibliography and index. 





Principles of Hematology; 


T IS pointed out that the symptoms of blood disorders do not help greatly in differentia- 

tion. An anemia: from any cause will result in weakness, pallor, and palpitation of the 
heart. There may be fever, anorexia, dizziness, and edema. Few of the anemias have 
characteristic accompanying symptoms, with the striking exception of pernicious anemia. 
There are few characteristic symptoms of leucemia. The disease may be suspected from 
a splenomegaly, enlarged glands, fever, unexplained anemia, or abnormal bleeding. <A 
sareful history may reveal the explanation of an anemia, such as a previous blood loss or 
an acute or chronic infection. A thorough physical examination may reveal a malignancy. 


Written by an outstanding hematologist, the book is well balanced. The anatomy 
and physiology of the blood, the mechanisms involved in the various dyscrasias, the tech- 
niques of blood examination, and finally treatment, are all excellently integrated. 


*Clinical Diabetes Mellitus and Hyperinsulinism. By Russell M. Wilder, M.D., Ph.D., 
F.A.C.P., Professor and Chief of the Department of Medicine, the Mayo Foundation for 
Medical Education and Research, University of Minnesota; Head of the Section on Metabolism 
Therapy, Division of Medicine, the Mayo Clinic, Rochester, Minn. Cloth, 459 pages, illustrated. 
W. B. Saunders Co. Philadelphia and London, 1940. 

+Principles of Hematology. By Russell L. Haden, M.A., M.D., Chief of the Medical 
Division of the Cleveland Clinic, Cleveland, Ohio; Formerly Professor of Experimental Medi- 
cine in the University of Kansas School of Medicine, Kansas City, Kan. Cloth, ed. 2, thor- 
oughly revised, 362 pages, with 104 illustrative cases and 167 illustrations, including 173 original 
photomicrographs and 100 original charts and drawings. Lea & Febiger, Philadelphia, 1940. 





EDITORIAL 


Clinical Chemistry 


NEW section on Clinical Chemistry is being inaugurated with this issue 

of the JourNAL. This does not mean that the original scope of the 
JOURNAL, as defined by its first Editor, Dr. Victor C. Vaughan,’ in the first 
issue, has in any way been changed. In the quarter of a century that has 
elapsed, many important advances in medicine have been made, and chemistry 
has contributed a large number of them. This has resulted in a considerable 
increase in the number of papers which have been devoted to studies falling 
under the classification of clinical chemistry. For this reason, it now seems 
desirable to group these articles together under this special heading. 

Dr. Vaughan unquestionably visualized the expansion in this field when he 
founded the JouRNAL, since he was a pioneer* in this country in the field of 
biochemistry and clinical chemistry—then called physiological chemistry and 
pathological chemistry, respectively. It is pertinent to note that the subject of 
blood chemistry was in its infaney in 1915 when this JourNAL was founded. The 
expansion which has taken place in this field is typical of the expansion which 
has occurred in many other fields of biochemistry. Although the aecomplish- 
ments in blood chemistry are probably no more spectacular or important than 
those which have taken place in the field of the vitamins or of the hormones, 
still blood chemistry requires’ much greater use of the clinical laboratory and 
has more far-reaching ramifications. The latter is well illustrated by the fact 
that the action of vitamin D is shown by studies of the inorganic phosphorus 
and ealeium of the blood serum, while that of insulin requires the determina- 
tion of the blood sugar. 

Recently the methods of chemical blood analysis have been extended to 
tissue analysis; this will doubtless greatly expand the interpretations which can 
be made upon the basis of blood analysis alone. By utilizing some of these 
micromethods after still further refining them, Richards,” in particular, has been 
able to develop a sound theory of urinary secretion, thus placing our chemical 
tests of renal function upon a firmer foundation. Illustrative contributions in 
the field of clinical chemistry need not be further multiplied. 

While this JourNAL has had a hand in presenting some of the most impor- 
tant original contributions—for example, Banting and Best? presented their 
initial report on insulin here, and Stanley Benedict* reported the excretion of 
urie acid by the Dalmatian coach dog, thus permitting the extension of studies 
on purine metabolism previously restricted to man (and the anthropoid apes)— 
still its greatest service to medicine has been in bringing new practical tests to 
the clinical laboratory and in turn to the clinic. This is in accord with the 
title of the JourNAL and Dr. Vaughan’s first editorial, which indicated that the 


*Dr. Vaughan was appointed Instructor in Physiological Chemistry at the University of 
Michigan in 1876. 
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purpose of the JourNAL was to try to-bridge the gap between the laboratory 
worker and the clinic, so that the physician could intelligently utilize without 
unnecessary delay the new laboratory aids which were rapidly becoming. avail- 
able. This need is even greater today than it was twenty-five years ago. 
Clinical chemistry may be defined as that part of biochemistry which finds 
use in the diagnosis, prognosis, and clinical management of disease. The 
JOURNAL will accept for the section on clinical chemistry original articles, inelud- 
ing methods, which meet a reasonably broad interpretation of this specification. 
It is hoped that this new section will be found increasingly useful by internists 
and clinical chemists alike. 
V.C. M. 
E. M. 
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Erratum 


On page 1301 of the September number of the JouRNAL in the article by 
Ida Kraus, Ph.D:, entitled ‘‘A Note on the Determination of Total Serum Pro- 


teins, Serum Albumin, and Serum Globulin,’’ c under Calculations should read: 


+ 5 00 
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